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PREFACE 

I N authorizinj^ the preparation of this wprk the Delegates of the Oxford 
Uruversity Press had foremost ih mind the need to provide a basic book of 
reTercnce for schooriibrarjcs. In form it was to be ^ j^cnuiije encyclopiieclia, 
in treatment and vocabiijary suitable lor the young reader. I’p many chil- 
dren,(and indee*d to many adults) reading is not ajiatural activity: they do 
noWnrn to books for.lheir owai sake. But they can be trained to go lo boc^ks 
for information which the.y want for some particular put-po.se — and thusi very 
often, to forrn a habit which will be o^lilelong value, d’heir capacity to read 
continuously ibr any length of tii\ie being limited, the) can absorb knowledge 
better if they get it in sinall (juantities: therefore they will often read reference 
books w'hen they may reject the reading of more extended matter. Again, 
i<. is {nobabU true to say of such readers that their ajiproach is from the 
paiiiculaNto the general, and from the application to the prijiciple, rather 
than the reverse, that their main interest is in the modern world around 
tjn'm, and that since tlu^y are not very good at conceiving things outside 
4heir own expeiience, their capacity for gras])ing abstract ideas is limitecl. 
•On the other hand, once their interest is arotised, they will ofttm piifsue a 
Silbject to remarkable Iciigths, so long as its development is logical and the 
treatment avoids dullness. 

But such generalizations tan easily be overdone: many children using the 
books will not be of this type. Moreovt , it was evident from the lirst that 
a project involving so great an amount of work, howevi'r exacth it might 
nieel its principal mark, would be full) justilied only if it could be of service 
lo a far wider circle of readers. Ivven Itir the age-grogp first in mind, anv - 
thing like“vvriting dttwti to children’ must plainlv be taboo - but clear exposi- 
tion and simple language arc no bad qualities in writing lor anv audience. 
Here, ^theti, it.seemftd was the c'pjtortunity to provide a work ol relerence 
suitable for many readers to whom the lan-f, standard enev clopaedias are 
too heavy -and technical, an^ the popular alternatives for the most part 
neither sufficiently complete nor authoritative. The fiict that the plan 
allowed for an exceptionally large proportion of illustrations to tex> (between 
orie-quartcr aid one-third of the total space) is an advantage to any 'reader, 
since pictures may, in many instances, save wTiole paragraphs of involved 
explanation. With these stKondary aims well in mind,,therefore, the General 
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Editors have ventured to hope that the encyclopaedia may find usefulness 
not only, amdhg certain younger children, but also among 6lder studentr in 
clubs, libraries, and Young People’s Colleges, and even to no slnall extent 
among their parents and other adults who may wish^for a simple approach 
t6 some unfamiliar or foreotten subject. 

SCOPE AND EMPHASIS. Within certain limits'tlie oxford junior ency- 
clopaedia purports to oe reasonably comprehensive, though (in oon’imon 
with all general encyclopaedias) not exhaustive. Chief among these lirfiits is 
that matter already easily available in school text-books is included only so 
far as its presence is necessar}^ fd* the? proper understanding of <^lie subject 
under discussion. Thus, although an immense field cf history is surveyed, it 
will be found mainly under headings dealing with its effects, or in the bio- 
graphies of those who lived to make it. Purely technical or scientific SLtbjects, 
also, are omitted except when they have some general interest. Jn natural 
history and kindred studies the immense variety of forms necessarily led at 
times either to their treatment by groups or to their omissipn on pur/*ly 
arbitrary decisions as to which species would, in all probabih'ty, never be 
lookcijl for, or because there was nothing particularly interesting to say of 
them. In point of general balance the stress is laid rather on the modern 
world, though due space is given to the factors which have shaped it, no less 
than to those which are changing it. 

ARRANGEMENT. The encyclopaedia is planned to consist of twelve 
volumes. Each is arranged alphabetically within itself,^ and each deals with 
a |)articular range of related subjects. Within its terms of reference, then, 
each volume is virtuylly self-contained, and, owing to the great number of 
single-line cr6ss-references, can well be used alone. This arrangement, which 
has several incidental advantages (as of production, in* difficult times, and of 
prompt revision later), arose mainly from one consideration. 'If articles >v ere 
to be kept really short — and, in fact, few approach and almost noiie exceeds 
2^000 words — many subjects tould be dealt with comprehensively only by 
referring the reader to other relevant articles — itself a desirable thing to do. 
It was clearly preferable for these to be under his hand, rather than be xf,is- 
persei^ through any of the twelve volumes at the caprice o^the alphabet. 
Th^'! the present arrangement achieves to a great extent. If it has led fo a 
small anvjunt of overlap>ping, that again is not without its advantages. 
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The cross-references play aij indispensable part iri the make-up of the 
encyclqpaedia. 'They are of two kinds: references n the tAct tg further 
ambles amplifying the particular point under review,' and references at the.^ 
end o^an article to others taking the whole subject farther. Therefol’e, a 
reader looking up ^ny wide subject, such as langjliage, and following ftp 
ijs cross-references either In the text or at the end of the article, can discover 
under what main headwords the subject is tnxitcd. Tliesig again, will refer 
hini to any subsidiary articles, as also, in many cases, to those of a compJ»- 
menPary nature. TKus he may Ije guided either froin the general to the 
particular or vice versa. It is believed that the titles of the twelve volumes 
(sffe p: xii), in conjunction with their* sub-titles, will usually lead the reader 
Straight ty tlie volunit- conlainiftg the information he wants. In selecting 
headwords, the rules geni-rally f()llowed have been to jrreler the familiar, or 
even t^e collof|uial, rescTwng the technical alternatixe for a single-line entry, 
and to grtnip narrow subjects under a headword o^^^ider .s«ope. Thus, for 
GRAI'IK./-.- ‘GY, se( llANDWRTTING; fof AERODYNAMICS, S(’( EEYING; for SCHOONER 
or r:ARA\’EL,^VT SAILING SHIPS; and for Oregon trail, sec American trails. 

L. E. S., R. S! 
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HOW TO USE THIS BK30K 

^•| ‘^HIS VOLUME is one of twelve, each on a separate subject- the whole 
JL set forming what fs called an encyclopaedia, or work from vdiich^you 
can find out almost anytliing you w^nt to know. (The word comes (Jrigi- 
nally from th|; Greek enkuklios, circular or complete, and paideia; education.) 
Each 'of the twelve volumes is arranged alphabetically within itself, as twelve 
dif tioaaries would be: 

The difference between ’a aiciionary ana an encyciopaeaia is tnat, wniie 
thg first givps you no more than the meanings and derivations of words, the 
sTCond tells .ydu a very great deal more about their subjects. For instance, 
from a dictionary you could find that a rotorcraft is an aircraft which is 
kept aloft by spinning blades, and you would learn little more; but an 
eiicyclopat^ia will tell you why a rotorcraft can hover in the ^ir, how it can 
be steeu'd without a rudder, and how it is used for carrying mails, spraying 
crops, and for the police control of crowds. Then a dictionary contains 
nearly every .word in the language; but an encyclopaedia deals only with 
•vv'ords and subjects about* which there is something interesting to be said, 
beyond their bare rrtfanings. So you should not expect to find evftrv word in 
an encyclopaedia— every Subject is there, but not every word. 

To find any ’subject, you^liave first to decide in which of the twelve 
volumes it comes. Each of thc^je has a tii ’ " as well as a number, and also a 
list of general subjects to make the title cE arer. All these are set out in the 
Plan of Volumes on ihc opposite page. Very often you will be able to tell 
from the title alone which volume cgntains the information you need; but 
if .not, the list of sub-headings on the plan opposite will help to direct you. 
For example, if you want* to read about people, the way.they have lived at 
different times and plaCes, and the things they have believed and worshipped, 
yoil would ’turn'tq Vdlume I. If, hpwever, you want to find out about an 
animal or f)lant, 
if you wanted to 

fawning^ fishing, or trapping, you would find it in Volume VI. If your sub- 
ject Were sometjiing in nature that does not have life — such as the sun, or a 
particular country or river, or a kind of stone — yr>d would find it in Volume 
III, Vith’ tides, earthquakes, the weather, and many other things. Business 
and trade are in Volume VIT. Recreations are in Volbrne IX, which include:^ 


you would Ic >k it up in Volume II, Natural History; but 
know how that animal or plant is used in something like 
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■games and sports, entertainment, clubs, animal pets, knd sporting animals. 
How \w(t ard governs and protected by the State, the law, and the anj^ed 
forces is ’told in Volume X. Volume XI deals with almost ^veifything.con- 
nected widi our homes, from the building and furni^ing of the house to the 
dothes aftd health of those who live in it. 'The titles of Volumes V and X*II. 
Great Lives and* The Arts, explain themselves. A rather fuller account of the 
volume yoii are now reading, on Communicaliohs, is grveri on pa^ xv 
^ipposite, but if it is the engineering side of ships, trains, roads, "^irfiraft. 
printing, and broadcasti^ that interests vou. the volume* to explore* ii 
Volume VIII, Engineering. 

,To find your subject in the volume, think ol its ordinary n^rrffe, arid tlfer 
look it up just as though you were using a (Jiclionary— the As on (be first page 
and the Zs (if there are any) on the Jast. If you cannot find it, try a more 
general word. For instance, if you want to read about Blind Flying, gnd can- 
not find it under that name (as you cannot), try either flying instouments oi 
NAVIGATION, AIR — either of which will lead you to it. As you read any article 
you will probably come across the titles of other, articles in s«me way con- 
• Rected with what you are reading. You will know Jthat they are* titles of oth^ 
artides because tjiey will be printed in capital letters. ^Either they will bf* 
followed by (q.v.) in brackets (this is short for the 'L?L\m*quod vide, and means 
‘which see’), or else they themselves will be in,brackets, with/he word see in 
front of them. You can look up these othef articles at once if you want to 
know more about the particular point dealt with, or you can save them up 
until you have finished the article you are reading. At the end of any 
article you may find the words ‘See also’, followed by*one or more titles in 
small capital letters.^ If you look these* titles up, they will tell you still more 
about the subject that interests you. These last ‘.cross-references’ are very 
useful if you want to look up a particularly wide subject (such as exploration 
or signals), because they show you at once the titles of all the main articles 
deahng with it. You can then decide for yourself which to read. 



WHAT YCHJ WILL FIND IN THliS VOLUME 

• * 

THIS ‘VOLUME IS ABOUT MAN’s EFFORTS TO COMMUNICATE^ WITH HIS FELLOWS 

t f « 

BY ^IGN9* OR. SOUNfaS- AFfD BY TRAVEL ON LAND, ON SEA, AND IN .THE AIR 

COMMUNICATION OF IDEAS, ivian nas always neeaea to express''his 
thoughts and feelwigs to dtfier people. You will read here of speech, of the 
growth ajid structure of language, and of the development of the individual 

® 1 J ^ 

torfgues, whether Greek or latin, Chinese, or American English. You w'ill 
read also of the various niethods man has found of communicating with 
people whom he could not reach by* speech. At first he used signs and 
SYMBOLS, iiKfliy of wliicb have las'ted from the remote past into our owm 
limes, and from these developed WRiTiNp, and the various signs for counting 
and MEASUREMENT. 

BOOKS f\ND PE.INTING. In order to give a lasting form to his thoughts 
man. produced^ BOOKS, at first writing them by hand on papvrus or parch- 
nijcnt. The use of paper and the invention of printing enabled them to be. 
produced in great numbers. From early times wealthy people had made 
colkctions of books, ajid to-day there are libraries all over the country from 
which books Ct^i be borro\^4ed. 

DISTRIBUTION OF NEWS. To make l-^eas reach farther, people devised 
various means of distributing news, both p ivately and publicly, until there 
grew up the two gre^f modern organizations of the post office and nFiJVs- 
papers. Of recent years, a third antj even more powerful means of com- 
munication^ broadcasting, has made it possible for a ma'n from one place to 
speak directly to millions df people. 

COMMUNICATION BY TRAVEL. While he was thinking of ways of 
exchangingudeas, man was at the same time fir .ling his way about the world 
by exploration, making maps and charts, ahd working out methe,^! ,> of 
navigation. He has made roads, bridges, and canals all over the world. 
He Jras. written travel books and guide books to direct others, and built 
INNS for fhe shelter of travellers. He has risked hti^hwaymen, pirates, ancj 
wrecks. ‘He LdS marked out trade jroutes which have been followed 
by merchants Jrom century to century. To travel farther and fas*«r with 
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increasing loads, he has built himself ships, carriages, railways, motor-cars, 
and, finally, aeropi,anes. 

MODERN TRANiSPORT— LAND, SEA, AND AIR. Smce the modern 
WOild is based on complex communicatiqns, and w6uld break dpwri without 
transport, there are many articles about modern achievements in land, sea, 
and air travel. You may read of motor transport and road transport 
ENGINES, of the MOTOft-GYCLE and BICYCLE, and of the organizatibn of’ 
London transport. Yop will find articles on steam, diesel, and gas- 
turbine LOCOMOTI’\?ES, underground RAILWAYS and MOUNTAIN RAILWAYS, 
SIGNALLING methods, and the railway systems of the world. You will read 
of STEAMSHIPS, MOTOR SHIPS, and ELECTRIC SHIPS, the rules of SAFETY AT SBA, 

the duties of lighthousi:s and lightships, and the services of ports and 
HARBOURS. You will read about the'history and principles of flying, about 
the different types of aircraft engines, the remarkable achievements of 
modern airmen in high altitude flight and supersonic flight, and their 
ambitious plans for inter-planetary travel, which suggest that a journey 
to the Moon may be the next step in man’s Communications. 

The words in capitals are the headings of some of the articles 
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AEROPATICS. riiis is the nainr i^ivcii to 
actkil aPiobatii's, t(*i known in the early days 
of avi*ition as 'stunts’, d'lu^se nian^ruvres loiin 
an iinpoitanl part of th(‘ basic Irainini^ lor all 
fulois. Tlie*y !*ivc a pilot confidence in Iiis 
•Miicliines and i^ hlmst'lf. An aircrall may 
out of control flirou^h atmos])h’eVic disturbances 
or (aieless flying, and the })ilot must know in- 
stinctively what action to take to regain level 
fligWt. (^nJy a full course of aerobatics can give 
him this instim^. lor fighter j)ilots knowledge of 
aercjba^icL ..ill often ni' in life or death. 

All cleiuentary flying schools are (‘cpiipped 
with low-powei'cc^ ait ( raft, because' they aie 
s.der and easier to handle duiing take-off and 
lafiding^ Low-^.owered aircial’t ate also best for 
fe^irning act ob.xiics; the^’ do not allo.c the 
Ic'arjjei to cc'tver up his misti^kes of judgemcait by 
using his engines. misc«il( ulatc'd approach to 
a loop, for examplc^^niay mean that the pupil 
pilot has no])owc*i lelt torcac h the lop. Inaiiigh- 
poweied mac hine it would have Ix-cn jx^ssible 
to open the' tliiottle still farther and comj)lele 
the loo]), ddie pilot of the light trainei must 
admit failure, and detei ininc: to coirect his c'rrors 
in a])proach. 

With the advent of jc'l engine's o( gic-al poN^er, • 
inaiiecuvre's hithc'rto undreamed of aic jiossible. 
In.this ^rtic-le*a brief descriptiou of the basic 
aeiobaticf^only is given. 

T. J hi-: Loop. 'Ihi" is jirobAbly the oldest and 
most popplar • aeroUitic, iut which the pilot 
acefuires speed by diving with the throttle open. 
He pulls back*thc control column en- ‘^ock', se) 
that the aircraft efimbs {.sec Fi.yinc;). d iw stick 
is held iu position until the machine is upside 
dot?n. Vht throttle is then dosed, alle)w’ing the 
macjjiiic to dr4)p and complete a circle' (Fig. i). 
A variational' the locfj^) is a rocket Joop, in which 
a liigher initial speed is rcciuired and the stick is 
brouglit back ratlu. more tjuickly. When the 
aircraft is in a vertical climbing position, point- 


ing straight Uj)v\aid, the throttle is held ope 
and tlie stick pushed forward until the* rcc]uiicd 
height is reac hed. Then the* aeroplane is rapiclh 
jinllc'd over on to its b.u k, and the loop eejm- 
[)leted by a further backward movement of the- 



eo'i rol eoluiTin. In high-powered airer.ift the 
roc* loop may' be C()m])lcted several thousand 
Icel 1 igher than it was begun. 

2, '1 UK Bi’nt. 'I'his jiiay ])e most easily 
desciibed as an outside loop. One may imagine 
an aircraft to ])e on top of a bunt whcai Hying 
normally. The pilot pushc's the slick Ibrwaid, 
and the mac hine cnU'rs a dive wTic h becomes 
inc:\ .isingly sleep. 'iLe vertical position is 
reached and passed; then, wdth the stick still 
held forwaid, the aircraft reaches a position 
w'here it is Hying on its back. It then begihs to 
climb, e’ ntually resuming its normal attitude. 

A develcJpment of the bunt, combined with 
a normal loop, provides an aerobatic knowm as”* 
‘the spectacles’. It consists of a jiormal loop 
follow'cd immediately by a bunt, so that the 
machine desetj^'oes a vertical figure-of-eight. 
The bunt is normally performed only by highly 
skilled pilots; the rnanteuvre can only be done 
with certain kind*' of aircraft. 
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AEROBA'l’ICS 

3. Tiir: SiMN makes use 
of the liability of aircraft 
to stalk .StalHn^ is the 
condition* ol” an aircraft 
when the air ceases to flow ^ 
smoothly ovLr the u{)pcr 
'V.’ing-surfaCcs, which as a 
resu^j[ are robbed ol'^ their 
lifting powers {see Fr.v- 
ing). 'I here bcihg nothing 
then to counteract die pull 
gravity the machin(‘ 
will drop. The most com- 
mon cause of the stall is 
the losing of flying speed, 
as in the spin and ‘falling 
lefif'. Another cause is tlie 
rapid change of posit ion ol 
the aircraft, so that th(' 
smooth air-flow breaks 
down, as in the ease of 
the ‘flick roll’. • 

It is quite possible to spin unlnt<‘ntionally, and 
for this reason special attention is paid to tlie 
pu[jirs ability to recover Ifom the spin. I’o 
iK-gin this acrobatic, the pilot will first lose flying 
speed until the aircraft is about to stall. At this 
momcfiit he will pull ^thc control column right 
back, and siniultancously push the rudder -bai 
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hard over in the direction in which he wishes to 
spin, (vjiclhcr to left or right. The nose and one 
wing of the macliine will then drop, ar,d the 
aircraft will begin to fall in a spiral fashion. 
Although spinning quite * rapidly, its i ate of 
descent is, in faci^, comparatively slow (Fig. 2). 

Jn order to recov(‘r from the spin, it is lu^es- 
sary to bring the rudder back from its jiosition 
of extreme left or right to the other extreme, 
while casing ih'e control column forward Thcsi' 
two moviTiients of the controls, and tlir.’subse- 
tjuent centializing of stick and rudder, w,ih have 
the effect of checking the s])iiT, from wftieh‘the 
machine will emerge in a dive. A normal flying 
attitude is regained by easing the slick back. 

4* 'I’lir. Fali.ini; Lkaf. As whli the sj3in< th(‘ 
speed of the aircraft is leduccctuntil it rearlw. 
stalling-point, when the ( ontiols' are placed in 
the spinning position. As soon as one wing 
drops, as at the start of a sjiiii, tlie controls arc' 
instantly thrown to the othci ext rente position, 
and the combined effect of ailc*i# ns and iiiddei 
is to check this commenc ed spin and to drop 
the other wing. 'Fliis ri‘gulated dropihng ol 
alternate wir>gs is lej^eated aj often as desiicd, 
and the result is ratlier like the action of a (ailing 
leaf. 'I’hc falling leaf could well be c. dic'd a sp'in 
which never really sUrts, in which the aircralf 
c'ontinually leases height by falling liist to.oiie 
side, then thd other, while s^^ill lu'ading in the 
same dir^c ticjii. 

5. Tjir. Roll. 'I’liere an' two main l\pi's ol 
roll, the flick roll and the slow' roll. In the flick 
roll the machine is first flown Ic'vel and at a 
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fairl) high speed. To begin the roll? the; pilot 
pulls back the* control eolurmi or ‘stick’ while 
at the Scimc time w'virking liie rudder., d lie wse 
of the machine iinmediiftely lises unlrt the ellect 
of the rudder tuins the maelpne on to its side, 
and the stalling jjosition is rt'ac'hed. 'J'he air- 
craft then spins rapidly on its horizc*ntal axis 
3). After one roll the machine resumes 
its normal course. The slcjjv^ roll k a lucni: com- 
plicated actiofi, in which the aircraft moves 
through the air in a corkscrew fashion ^ 

To perform any aerobatic the controls must 
be moved firmly and smoothly. If the stick or 


ruclclrr must ])r niovrd ra[)ic[Iy, tlir art ion inu^t 
not bf jerky. would throw a dqju^erous 

strain on the wings anW body of the aircralt. 

A£RjODYNAMIGS* sec Flying, Section 6. 

AEJIOPEANE. "J he ingeJern aeroplane Jias 
evolved in 40 ^ears from a lightly l)uilt appara- 
tus made of slender wooden iranies, over which 
ihbric w^as streteUed,^and \\hic1i*was powered 
by aiP engine cW '25 to .p) hors(‘-power. Fo-dax 
aeroiii'mej^ are sh'ek all-metal crari'^oine h^ivc 
an*engtiie outf)nt,of 35,000 horse-power, some 
can acliieve speeds of well ovei iu)f) miles an 
hour, while others can natch h(‘ights of ovan* 
50,«>oo leet (lOiinik's) above the earth. 

'Fhe term ‘ae/offlane’ is generally used <lf all 
aiicral't lieavUa than air, such gs all types of 
land aeroplanes, tliat is, aerojrlanes fitted to take 
olf and alight on land, seaplanes iUid flying 
bofils Si-.AiM.AM- ), glider’s and sailplanes ( ur 
(fi-iOKR), anc!^ h(‘li(’(jpters and autogyros 'see 
Ko’ ai. iv a I Air raft whir h arr lightc'r than 
air conn*. und(‘r the headings of IKlioon and 
AiRsiiii'S ((jq.v.j. 

An a(*i’oplane ^onsjsts of a numbr'r of mam 
cf)mi)onent' . 'Fhese norinalK are the lusclage, 
c^nitaining ine crew anj jrasscngeis or other 
loj<^; th(‘ wing, which gi^a's ‘lift' (see I’l.viNf.; 
and enables the aycral't to leinaiA in flight; the 
power unit, wliirli^ jnakes the aePopLwie* move 
forward, this in turn enabling the wing to pro- 
vide ‘lilt'; the tail unit, wliich give*; stabiliU 
and control; and the undercarriage, on which 
the aircr aft is su])portcd while on the ground. 

File fuselage, whicli is illy a sort of metal 
shell, is normally circular or oval in section ami 
rather’ fishlike when seen from the side. It •is 
made Iroin a number of r^ielal frames, ])laccd 
across |he. structure; the iiaiiR-s are joined 
together •by metal ‘stringers’ long, stiffened, 
metal strips runn'ng li)re-and-aft. 'Fhe whole 
frajnew’oi’J^ is -then #’ovcred* with sheet metal, 
known as»stressed skin.* 

'Fhe crew compartment may be • the nose 
of the fuselage of a multi-cpgiiied typ"'. In «i 
small .leioplane the ertwv compartment may be 
juA a Arfall section in which are placed the 
pilot's set^t, ccMitrols, and instruments, and w^lrich 
is covered »over watn a transpaient hood. In 
large transport 'eroplanes the crew eornparl- 
mcnt*may fill iiic nose of the aeroplane, and 
stretch back as much as 16 or 20 fc®t. It houses 
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the c.r plain as first pilot, and first ^fFicer as. 
second pilot (norrnaily seated side by side, eai lr 
with his own set of.corrtrols aifiJ ins^rfiments; , 
the navigator fwho has his map table find instru- 
mentsjj the radio oflA^er (to work the vast array 
of radio receiving and ti’ansmittirig equipment 
which keeps the aeroplane in touch t\ith gr’ouuTl 
stations along its route;, ar^ the flight-enr^neer 
(with engine controls, as well as devices which 
regulate th<' cabin atmosphere 5 nd temj^er’aturc). 

Behind the ciew’ cornjJtirtmmt in a laigc^ 
aeroplane come passenger cabins, galleys, wasi^ 
rooms, and l^'atories in tire case of a passenger 
aeroplane; in a IVe'igTit rarriei’ there are l.argr- 
holds with very str'ong floors to su|)port heav> 
cargo. F’r'c'ighl can be lasla^d to pi'rmanenl 
fittings in the hold to j>r\*vent its movement in 
flight. 

'Fhe cabins and ci'i'w conrpartnients ar‘(‘ 
normally enteri'd by doors on lh(‘ Ic'ft hand or’ 
port side* of the* lusclage, aft of the wing. In 
some aei'o[)lanc‘S userl on locfri routes the doors 
may be on the r ight or starboard side: this is thi’ 
custom in Russia. 'Fh(' doors of an aircraft .ire 
scane hc’ight from the ground, and to .dlow 
cjuickca' caitrancc' and (‘\il, some air -liner s ar#* 
frtted w ith a flight ol steps which ( an be lowered 
Iroin the tall. Otlna'Wfse [rasscaigers fannot 
alight until tin- airjroil staff ha\’^ brought lor- 
w'ard a flight of stc’ps mounted on wheels. 

The wings of an aer'ojrlaiie arc normally built 
witii one or two main spars, these beiirg in i-ffei t 
hders running th(‘ lull length of the x\ing. 

Ual ribs run from the front ol the spars to the 
‘lc*acling c'clge' or front of the wing, and also to 
the ‘trailing edge*' c)i* rear ol the wing., w ith 
the fuselage, lh(' whole* str ucture is covered with 
metal. 

'Fhc position of the wing onjhe side's ol an 
aeroplane de-pends on the* designer's intentiems; 
spec'd, balance, and strength are among the 
many factors c'oncerneci. The wing can be* 
mounted at the* top of the fuselage ; in that case 
it is tbove the windows in an air-linfr, and 
passengers can look down more easily at the 
landsc ape. Sometimes the wing is mounted 
the bottom ejf the fuse'lagc; this position has 
many advantages for the aircraft^^onstructor. 
In some cases the wing can pass right through 
the centre of^thc fuselage, although this, of 
Lourse, reduces the space inside. Fhese wnifg 
positions are known respectively as high-wing, 
low' -wing, and mid-wing. 
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The whiju;, in addition to its main function of 
providing the lift, is also us( d to serve a number 
of odd purpos?:s. In the case of the multi- 
engined ae/oplane, the engines are either buried 
in the wing or else suppe^rted in front of the 
wing on modntings attached to it. The fuel 
supply (petrol lor piston-engines or kerosene for 
gas-ti»rhines) is stored in the wing; fuel may be 
contained in tanks in the wing or else allowed 
to flow within a* section of the actual wing 
structuie. In many aeroplanes the under- 
^'’vriage is attached to the wing, and is made to 
fold up into it when the aircraft is flying. 

'Pile wing is one of the parts of the aeioplane 
most affected by ice, so it must be fitted with 
de-icing ecphpment. I'he most effective method 
of removing this ice is to heat the wing sur- 
face by a heating system inside the wing {sfp 
Climate and Communications, Section 4). 

In the leading edge of the wing lamf)s are 
often to be seen. These are the headlights 
switched on by the pilot to assist landing iit 
night. Small lights attached to the wing tips arc 
navigation lights, similar to those used by .ships. 
Red is on the port (left) side and green on the 
starboard fright). 

On the outer part of the wing (on its trailing 
or rear edge) are the ai’erons. These are hinged 
parts of the wing w’hich are moved up or down 
by the pilot. I’o turn to the left an aeroplane 
banks to the left. To do this the pilot turns 
the control wheel to the left; this action raises 
the left aileron and depresses the right one. The 
air-flow over these surfaces then fiorces the left 
wing down, and the aeroplane, wath the addi- 
tiona^ai(J of its rudder, turns in towards the left. 

IJetwTcii the ailerons and the fuselage are the 
flaps, 'riiesc are metal panels which can be 
lowered to varyng degrees, altering the angle 
of the low^er surface of the w^ing, which action 
creates a drag and acts as an air brake. Flaps 
can also increase the wing area and enable 
aeroplanes to fly more slowly. 

The "power propelling the aeroplane may Jje 
of a number of types- the ordinaj^y piston- 
e;igine (internal combustion) driving a propeller 
(air-screw'), the gas-turbine driving a propeller, 
or the gas-ti^ bine ‘pure jet’. In single-engined 
aircraft having propellers, the engine is normally 
in the nose of the fuselage; theVpurc jet’ type 
w^ith single unit has its engine amidships, with 
its jet outlet in or under the tail. Aeroplanes 
can be propelled by rockets, but these are not 


yet widely used {^ee Aircraft Engines, Seo 
tion 7)^ 

The standard type of tail unit eonsists’^of a 
fixed vertical fin, which helps to keep the aero- 
plane flying straight, and 'the fixed horizontal 
tailplanc, which prevents fbre-and-af^^ pitching. 
Behind the fixed vertiral fin is a movable rudder 
to control direction; behind the 'fixed tailplane 
is a movable elevator, which controls the vertical 
movements of the aeropla»'e. H'hen the elevator 
is raised, the tail of the aircraft is forced down, 
ancl the aircraft climbs. Depressing the eh valor 
causes the aeroplane to dive. As with tile w hig, 
the surfaces of the tail are normally fitted with 
de-icing equipment. 

While on the ground an aeropJane must h^ivc 
w'hetfls on which it can move 'ud mamruvic’. 
The undercarriage, consisting of the wheels and 
their supports, is generally divided into ihret' 
units. There arc two main units bearing most 
of the weight, which arc generally under t*h(‘ 
wing. A lighter unit is mounted under eilhei 
the nose or tail to hold up the end of the aircraft. 

'File undercarriage serves no purpose in the 
air, and if lef- exposed, it would create much 
‘drag’; the air pressing againi’t it w'hen the air- 
craft was flying would’reduce speed. Whenevt'r 
possible, therefore, the wheels are drawm u{) oi:t 
of the way. I'he main wheels are withdraw'- or 
‘retracted’ into the wing (or, on multi-engined 
aeroplanes, mto the motrn'-housing which is 
built mU. the wing). I’he lighter wheel or 
wheels, usually under the nose, retract into the 
fuselage, lire main wheel units are lilted with 
powerful brakes, so that when the aircraft is 
running along the grpund, or taxi-ing, the pilot 
can gradually slow it and slop it. 

Aircraft arc controlled mainly by a control 
column held in the pilot’s hands and by ruddr'r 
pedals. The control column moves the ailerons 
and elevators, thus governing the climb, dive, 
and bank, lire rudder pedals govcrri the 
rudder, and control’ the diflrctiorf of flight. 

The speed of an aeroplane is partly fegulated 
by the thnittlcs, which govern the fuel fed to 
the engines. A very comprehensive collection 
of instruments is provided. I'hese instruments 
include an airspeed indicator which shows the 
speed of the aeroplane through the air-, and an 
altimeter w'hick can be set to showthe height 
of the aeroplane above sea-level or above any 
desired point. 

At night, br in fog or cloud, when the pilot 
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Till 1 TopliiK IS a c* faMlUiul uti’ 


fi If U / 1 


cannot usr Ins c\rsight an acioplaiK is said to 
l)( ll\ing undri instiuinc^t fligh^ conditions 
An instiumrnt ])aiul loi blind is the 

pilot s onh guide Bcsidrs his airspeed indie itfti 
intl iltirne t( ^ he has a diicctionil gvio ot 
g)*ostof)ic (onuiass [set (TYRosrof»i , Sfction 2b, 
Vol. \ 111 ) winch shovNS hin^thc compass-linr- 
ing on which the icioplanc is flying an ailifi- 
c nd liori/wn whic h sHeivvs vvht^thci the aeioplane 
IS chml^ntg, e^iving, or banking, and a c hmh- 
and-ghde indic^toi, which shows ether the 
aeroplane is climbing 01 diviiig, and if sf> at what 

here aie many other instiuinents which 
sho\y such vital thmg| as the speed of the engines, 
the tempefature of engines and oil, and the 
amount of fuel available Radio and radai 
equipment enable the crew to keep c ontac t witli 
ground stations, to find out the ir •position, to 


navigate over the lontc, and to ipjnoich tlic 
iirpoit in bad visilnhtv. 

S(( iIsgFivtm liMVf liiNiom 01 

AFRICAN LANGUAGES. IJinc itc moie' 
than 700 languages m Vhica, nc>t including 
dialects, of which there are also vci> inanv In 
most of Noi th Afi ica mitic or partly be niitic 
langu.iges (cj v ) aic spoken Ah mug (q v ) is 
spoken m lg>pt, along the Me ditcrranAin sea- 
coast, anc^in the northern Sihiia — though the 
Berbei s spe .ik their ow n languages (Bc‘i be r, hkf 
Somali and ancient h.g>ptian is distanth relatc*d 
to Semitic Some Ab\ssiinans spiwik ligie, a 
purel) Se mitic language , others Amhai ic whie h 
has diverged f^/eath from the ancient Semitic 
piient language laiiopean sctllcis 01 tlieli 
flcseendants account for the speaking off nghsh, 
liench, and Pof tiiguc sc 111 xaiioij^ parts o^ 
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Africa. In the Union of South Africa are spoken 
Afrikaans (a form of Dutch) and English; while 
some 2 r\o,o()() Settlers from India speak their 
own languages. 'J’his article, however, is con- 
cerned mainly with the I’Ncgro languages of 
Africa . 

The NegS'o languages ol’ Africa include the 
Bantp group, which stretches from an irregular 
line between the (kimeroons and the (ireat 
Lakes near the Equator to the C’ape; the Sudanic 
group, north of this line and stretching from the 
...^^dantic coast to near the Nile valley; and th(‘ 
Nilotic and Nilo-I lamitic languages, spoken in 
the Nile valley and t:ast\\\ards. There arc also 
the Hottkn'iot and Bi siiman languag( (qq.v., 
Vol. 1), of a type very different from any other 
Afi’ican language, in the north-east of the Bantu 
area. 

Some sehf)lars think that there was a far- 
distant j)arent language from which the Bantu 
.and vSudanic languages have descended; but 
the rclationshi|) isMot hilly I'stablislu cl, nor has 
it been possible to discovia hotii the two lan- 
guage groups what the original language was 
like. It is easy to see, however, that the lan- 
guages which belong to the Bantu grouji are 
closelv rt‘lated to each other. This docs not 
mean, 'hovs ever, that s(-)eakcrs of one can neces- 
sarily understand speakers ol’anotluM, for the\ 
difl'er widely in much of' the vo(\ibular\ and 
ill grammar. 

The chiel ( haracteristics of Bantu languages 
are: 

(a) Nouns are grouped in classes, there being 
one class for tlie names of y)ersons, another for 
the parqes of trees and growing things, and so 
on. Each class has its own particular prefix, or 
small addition, [ilaced in front of the word to 

"distinguish it,^ .is in BuoaruJa the country, 
Lui^andn the language, Muganda a (ianda person 
(singular), Baganda the \janda people (pluralj. 

In the Swahili language we have kisu ‘knife’, 
visu ‘kniv(‘s', mtu ‘person’, ivatu ‘persons’, mti 
‘tree’, Diiti 'irc(‘s\ jicho ‘eye’, macho ‘eyes’. 

[b) ‘Alliterative concord’, that is,^the prefix 
yf each class of noun is attached in some form 
or other to all Bantu words agreeing with a 
noun of ihg* class— as in Swahili vikornbe vyangu 
vikubwa ‘my big cups’. An artificial example 
will perhaps illustrate this more •grarly. W e can 
fhid no precise parallel in English .‘but if English 
had tlic same concoid system as a Bantu lam 
tillage, the sentence ‘little boys often (limb big 
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trees' might read something like ‘ba-litlle ba- 
boys (Jften ba-they-climb nii-big mi-trees’. 

(c) Many Bantu words* are tonal; that if, the 
tones with w^hich a word is spoken may bev-the 
only means of distinguisl^ing it from ifiu>ther 
word, or may be^a mean;i of showing^the gram- 
inajtical construction of the sentence*. 

id) Bantu languages have i*iO gender (no 
separate forms for masculine, feminine, and 
neuter). Infl'ex'ion (that js, a({idition to i word 
to .show its functic'in in the sentcnce’l is? ^h own 
mainly by prefixes. 

One important Bantu language is fjwahili, 
spoken over a wide area from Zanzibar c;n the 
east coast across central Africa into the (kmgo. 
'it is a common language, cTtcn used as a m^ms 
of c'rtmmunicatiori between the Jocal people anr' 
Europeans in areas where anolBci* Bantu Ian 
guage is the natural tongue ol the inhabitants. 
I'here are so many other inijjortant Bantu lan- 
guage's that it is impossible to give a coni[))eti‘ 
list hen*. Thc^ following an* apiong the* b(‘st 
known: Zulu and the ( losi'K i elated Xhosa in 
South Africa; Sothc^ and Sechuana In Basuto- 
land and Bephuanaland ; ( Uiiida in Lganda; 
Kikuyu in Kenya; Kongo apd Lingala in the 
Belgian Clongo; Bemba in Norlh(‘rn Rhodi'sii. ; 
Shona in Southern Rl^v>clcsia ; Nyanja in Nyas;>- 
land; Duala in the J/rench Gatueroons. ^ 

It is less easy to dc'lme th(^‘ common charai - 
teristics of Sndanic' and Nijotic languages, such 
as T'w’i, Ewe, and ^’oruba, I'or examyih*, in W e st 
Africa, or Kimaina and Dinka in the In 

general these languages tend to maki* up theii 
words from single syllable roots, and lo make* 
very little use of ii\(l(*xion. "I'he Nilo-Hamitic 
group, how'C'ver, use inflexion muc h more, and 
many of them make use of a distinct i\'e word- 
order in the sentence verb, subject, c)bjc-ct, 
African language's make* use of a. numbeq ol 
sounds not met with in Euro])c*an languages. 
The Bushman and Hottentot languages include 
‘c licks', w^hich luue. been adopted by some cjl 
the' South African languages such as«Zulu and 
Xhosa; the first sound of the name Xhosa is 
a clic k similar to tl^at used in Enjjlish lo encou- 
rage a horse. In the Sudanic language!' the most 
difficult sounds for Europeans to prortounc:e are 
those represented by ‘kp’ iind ‘gbk 

Generally, the languages of Al'ric jC) havt^ bc‘en 
written down by Eurojjeans in the lialin alpha- 
bet, and unfamiliar sounds which the ordinary 
.Ai.eHAni’.r hi-v.) cannot represent have been 
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indicated with the help of ^accents and othrt' 
marks. In recent years, however, an ^Africa’ 
alph;>bct, sugiijested ])yMie International African 
Institute, lias l^een adopted for many African 
lant2;i\?fges. Includccf in it arc a few new letter 
forms wh;ch are designed tg replace as far 
as possible the older unsatisfactory sysleii'^ of 
lett(TS with acchnt marks. 

Skt also LANfa'AC'.r SiinTTURr. 

Sec also Vol. I: Ni^jro ^fricxns. 

AFR1{CA>^S LANGUAGE, see • Gf'RMAMO 

LA]^(iL:/lr;ES. 

AIRCRAFT ENGINES. An acrofilane and the 
en^%i(* uhicli i«ak(‘s it t^o are exliemely depen* 
^*nt on OIK' anotTier in almost eveiy derail. 
'Ellis int(Mdept*kid(MK e is true of comniunications 
by .iii in a way in which it i?, not true ol' an) 
means o( ( onimnnication on land or sea. Almost 
evt^y chaiu'c ol any kind in (he design or jier- 
Ibnnance ol ag air-eni’iiu* affects tin* way the 
bod\ ol iJn rili( lafl Is on lh(' aii* <noimd it. 

If a laiKva)’ engine boih’r is iiielhcient, and 
unsuit('d lor modern hcav\ loads, tiie engine ('an 
still ])iili trains i'^th*'r slowly. If a powerlul 
ji#)tor-l)Us i l)o<ird(‘d by too many passengers, 
lUwill be slowed down, byt it (an still comjilete 
its jf^uiiKW With an acto(ilane the engine, the 
stuicinre, and t lu'^da) -to-day us«* of the cralt 
arc .ill so intei conn(;(;ted that, generally speak- 
ing, none ol these things (\m be chaivu'd w'Shout 
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,\TR-( Oni 1 O PISTON I Nf.IVr WTIH CYI TNDI RS \RR \Nfa FX 
_ RM)1ALIY 

'J'h( f in ular ( owliiii^ is ispical ol rlils t\pr ol criiuic' 

(hanging the others. Almost ev(‘iy new engine 
desigiK'd foi aircraft bi ings aliout i hanges in die 
outer sliajje of the er.ilt, oi in the w'l'iglii it eaii 
carry, or the distance it can fly ^ see AiK(U(\ri 
Vake-om ). An airci.ill .md its engines, thcie- 
fore, must be thought of as a single' struetiin'. 
T here aie si'ver.il main kinds^if aiierafl engine: 
they should not Ix' reg.irde'd as [lower units 
whi('h can lx* installed in an aiirtafl in the sense 
that any one ol sevc'ral kinds ol lailw.iy kx'omo- 
tive might Ix' coupled to .1 suhuihau train. • 
The ]X)wer units in aiixrali, wliieli are 
described in technical rletail in Wil. A ll I 
( I'.NOiNi'EK.LNoj, m.iiiiK’ Ix'loiig !(♦ one ol the' 
following gioii])s. 

I. Ejst(j\ ELnoinf. 'fliis is the ainnan's 
term for what ih(' motorist calls the internal 



LIC>CID COOLl 1 ) PISTON I NOIN» WITH PISRlN.S IN I INC 

I hr in-linr cngJiK- gives a slentle, no^e lo tlife t.glUer. The cooling ...dialor is sect. Uc.vath the f.is. lage aft tin wnig. 
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combustfon engine, the basic type of engine for 
motor-cars; it is a useful t»rm, for no other air- 
craft ertgine u^s pistons. Modern aviation was 
built up 6n the piston engine. From the first 
feeble flight at the beginning of the 20th century 
(j^/I'YyinGj^History of, Section 3), the piston 
fngine wa^ unchallenged in practical flying for 
40 )^ars. Some of, the first piston engines for 
aircraft (particularly in the First World War)* 
were rotary on^s, in that the entire set of 
cylinders, arranged rin the shape of a star, spun 
>*ound on a fixed shaft. 

The disadvantages of the pisVm engine are 
serious. One is the violent vibration imposed 
on the mechanical parts, and the ot) er is the 
burden of weight. An engine may revoive 3,000 ‘ 
times a minute, which means that hundreds of 
pieces of metal, with perhaps a high total 
weight, move violtnlly backwards and forwards 
3,000 times a minute. To stand this violent 
shaking, metal j)arts must be li< avy. To move 
these heavy parW so c[uickly, much power is 
used up, particularly at high speeds. All the 
moving parts need elaborate oiling systems, or 
they would become red-liot and stop suddenly. 
•The advantages of the piston engine are its 
economical use c)f fuel, and its convenience for 
short •journeys and at fairly moderate speeds, by 
comparison with its ri\'al, the jet engine. 



V'lkfTx ArmstTong 
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• 2. Airscrew TyRBiNE. The gas-turbine has 
rendei‘9d the piston engine out of date for 
several purposes. The ttirbine was experimen- 
tally devised in the years before the Second 
Great War by a young R.A.F. officer ‘teamed 
Whittle (later S^: ITank.. Whittle) aryl his assis- 
tants, and also by German engineers. Britain 
and Ciermany were unaware 6f each others' 
work. The gas-turbine is based on the princif)le 
of the martnl' steain-girbipe, but with an 
important simplification. The steanvflirbinr 
consists of a wheel with large numbe|*s off urved 
blades set round its edge; 4 powcrful*gusk of 
steam is for/ed against the blades at several 
points, ihtis making the wheel go round. I’he 
‘steam comes from water, which has been hc«l(‘d 
by •Imrning coal or oil. d^e .gas-turbine dir- 
penses with the’ water and the s^am. 'The hot 
gases given off by burning an f)il fuel are directh 
forced agaiiyst the blade's ()f the turbine wheel, 
and push the wheel lound. * • 

The gas-turbine is widely usc^l in aiuial't to 
turn an oidinary ])ropcllci or airscrew. As the 
turbine consists esscntialK of one main moving 
part, and as#that part (the R.heel) spins round 
instead of going backwards ^nd iorwards like a 
piston, there is a great saving of weight, vibra- 
tion, and rnechanicjiJ wastage of power. d'Jie 
drawback of the tujbine is that it consuipes a 
good deal of Kiel, w hich, by (^ornpai ison w ith th(‘ 
piston e^igirfe, has almost be poured into th(‘ 
comllustton chamber, dliis drawback is im- 
portant when the aircraft is travelling at slow 
speeds, or on short journeys, for the loss on fuel 
(and the waste of space to accommodatr* the 
extra fuel) is not njade up b\ the speed of the 
journey. For long, fast journeys the airscrew- 
trarbine is much used. Since its development 
for aircraft, the gas-tuibine has also been tried 
with some fowns of road, r ail, and sea lfansj:^ort. 

3. Ducted Fan. This form ol pow er is still in 
experimental form. Instead of the ordinary air- 
serew' or propellct, a fan#with many bladps is 
nsFd, spinning in a duCt like a drair^-pipe, ’and 
driven by a gas-turbinc. 'Flic *fan drives air 
forcefully backwjjrds, and impels the aircraft 
forward. The ducted fan, as a develwpment in 
aviation, comes somewhere between* the *air- 
screw-turbine and the turbo-jet. 

4. TuRBo-j*vr OR Pitre JET. I’lustts the logical 
development of Whittle’s gas-turhine, and repre- 
sents man’s first successful means of dri\Hng an 
aircraft without any propeller, airscrew, or fan 
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• <{f UtinUnt d Alutnft C o 

‘VAMl'IRI ' lir.IlllK WITH TURBO-JET 

T hr L^'ls in the fus<‘Iac'r hchind llu- pilot. 'I he aii is fed in thrr>ui;li tlir opcniiic: iirthc liotu ol tiir vmhi; 

where i joins the hodv, and the hot qasis are ndeased through the hack of tlie fusrlatrr 


of any kind. Broadly, it works in^tho same wav 
as tlir ordinary rockut used in lircwork displa'^s, 
ll^jt with inijiortaiil difl'crenccs. Just as the ujas 
turbine cnijJiasized the drawbacks ol’tlie piston 
engine, the turbo-jet engme has emphasized the 
drawbacks of the airsen'w. An airscrew is not 
the best means of rnoviiig an airc raft at very high 
speeds; one reason'is that the blade /jf an air 
screw has to ‘grip’ the air as it spins, and above 
a certain sjieed tlie grip is less strong. (If one 
moves one’s hand too violently when swimming, 
the hand slips through the water instead ol' 
^rij)[)ing it.) Tlie other weakness ol the airsc lew' 
is that it is a moving part, and all moving pa^ts 
in machinery involve strain, wear, and the using 
up of power. 

The jQt engine, like the rocket, is based on 
what physicists cal’ ‘reactidli’. T’he engine is 
little more than an ogen container, with the ojien 
end pointing backward.f. Inside the engine liefuid 
fuel is •ignited. The resulting gasv expand 
violently and prtsh out in every direction. Back- 
wards, towards the open end of the container, 
the? gas f‘S 4 :iif)es and has little effed. But in the 
forward direction the expanding gas presses hard 
agaitist tli(^ closed efid of the ecjntainer, push- 
ing it forward. A continuous supply of con- 
tinuafty igniting ga:. will carry a heavy aeroplane 
through the sky at hundreds of miies an hour. 


It is because the propeller is dispensed with, and 
the ail craft is driven purely by the reactive lorgc# 
of a jet of hot gas, that airmen call the turbo-jet 
engine the pine jet engine. The term •lui lio' 
indicates a turbine, but in this ciise the turbine 
serves the purpose cT forcing comjjressed air Into 
the ignition cliamber toinciease the efhvt of the 
pressuie. 'The turbine is itself dii\en b) part of 
o resulting ho^ cases. 

,, Thk R.^mjet or A'iiiodvi). This is a 
further refiiieincrit of tlie turbo-jet or pure* jet. 
If an aeroplane can be made to go fast enough, 
llu* ordinary atmosphere, which pies.scs very 
stiongly against the nose of the aircraft, can be 
admitted to the engine. Its pressure will be so 
great at high speeds that the turbine, whicli 
would force compressed air into the ignition 
chamber, can be dispensed with. Hence the 
‘ramjet’, in which the ordinary air is simply 
rainme 1 into the engine. Airmen call® ramjet 
aircralt ‘flying stove-pipes’, since the engine is in 
rflfect an 8pen tube, with air rushing ‘in at the 
front and scorching gas streaming out of the 
back. In reality, the shape of the 4 ;;ngine is not 
that of a plain tube: if the front of it were com- 
pletely open, tVe ‘reaction’ of the burning gas 
w'ould have nothing to press against; the enteP- 
ftig air is admitted through a very carefully 
shaped hole. 
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^FUnhi' 

ROCKET-PKOPl l.LED FU’.HTLR 

rii(‘ rorkct oiillcl is at tlic rxtn-riR* t<*ar ol’ the liisrl.iG[c. X< air in(ak<‘s are rrqnirrd 


Thr lantjrt or atliodycl fshort for ‘acro- 
lhcrmo-clyriainir-dt;rl') ( annot 1)C used alonr in 
an ail craft. Eroni its natnic, it cannot hci^in to 
work until it is movin<^ at hit^li sp(‘(‘d. Then, al- 
thoui^h its fuel consumption is higli, its speed and 
il<j;htness are im])oitaiit, especially at s[x-cds 
greater than 500 or hoo miles an hour, and pai li- 
cularK" when approac hing the sj)ecd of sound 
[see SifERSON’o Fi.ioHf). Aircraft erjui])ped 
with the ramjet must take' off and reach a high 
s])ced with tuiho-jct engine before switching on 
the ramjet. 

Onc' form of the ramjet was the Vi, or flying 
bomb, usc'd by the (xermans for the bombing of 
London and south-east laigland in the dosing 
stages of tlu^ Second World War. The Vi, 
which flew Axithout a human pilot, used a 
‘pulse-jet'— that is, a ramjc't operating in inter- 
mittent bursts in order to save fuel. The Vi was 
fitted with a mechanism to cause the engine to 
stop after a flight of a cerfain distance; the flying 
bomb then fell to the gioimd and exjdoded [see 
(iuiDKD MtsstiF.s, \'c)l. X). 

6 . R^oKF/r. A rocket is like a ramjet exe^&pt 
that it does not need to combine air with licpiid 
fuel to ca'use the ignition and ex[)ansion of hot 
gas. The explosive* chemicals in a rocket will 
burn when there is no air. Rocket craft can 
therefore fly at great heights above tlic earth, 
where a ramjet craft would beV^tarved of air. 
The farther it rises, the more a rocket aircraft 
gains, for the thinner the air the less the friclioin 
rr ‘drag' against the oulsidci of the craft [sec 


^Iigh Altitude Flighi),' 
I'he solid propellant used in 
firew'ofks makes, their ^y^ced 
diflicult to c.ontrol. Rookets 
in aviation use a lic|uW pro- 
pc'llant; its supply to the 
cennbustion chamber cat) be 
controlled. 

So far, rockets have be.en 
used Qiily^as auxiliaries to 
aire.raft. Some havfi* ♦ been 
u.sed to help aircraft tcj^ leave 
the grouijd {see Aft^cRAi'T 
Take-off). Others are used 
to increase the si)eed of 
fighter aircraft for sl#)rt 
periods of emc'rgency. 13 ui« - 
ing the Second World War 
the (jcrmans droppc'd \ 2 
rock(*t bombs (jn the- London 
region. 'I’he \'2, which had to rise to a' height of 
70 miles in order to n‘ach Londoji liom a firing 
point about 2’’)0 miles awa), was not an aircraft 
in th(' true' sense. 

Rockets liaKc b('en discuss^^d as the motive 
power for journeys to tlu* moop or to otlu'r ])arts 
of space (sec Interfl.wf i ary i Rwia,). 

Some additional j^ower is piovided for aii;.- 
craft by the forc'e ol jhe exhaust gas<‘S, pre-s^sing 
against the ati'iiosj)heie at th(,* reai of the ciaft. 
I'a’( n on r)ld-iitshion(‘d pisltni engines, Battle ol 
Biilaii'l pilots were Ix'lieved to gain a fc'w extra 
milc'S an hour in speed fioru the exhaust of their 
Sj)itfires when flying at maximum speed. 

7. Airgrai-’i Braking. One use of air engines 
which is growing in importanct* is in slowing 
down aircraft after llit'v have touclu'd down 
oiM the runway of an aiipoit. T’he incie.iscd 
size, weight, and landing S[jccd of craft ha\e 
made this use important. On prbpeller-di iven 
machine's, braking airscrews ate u.ied ; the 
pitch or angle of the blades of the aii screws is 
reversed, so that the, aiiscrc’V pre.sses against the 
air 'and helps to retard 'the craft. On jet-pfo- 
pelled aircraft this is impossible and .some use 
has been made of ‘lhru.sr-spoilers’, metal platc-s 
wdiic'h jut out from the aircraft to check, the free 
flow of air. Some aircraft, on landhig, haV(‘ 
released a parachute attached to th.: tail in order 
to slow them. rBrakes are also appluxl on the 
motor-car principle to the w heels of the under- 
carriagt, but th(' retarding effect is small. ' 

Srr .\l lA>Vl .XM ; Fl.YINU. 


lURCRAFT, SPECIAL ySLS. fhr mo** 
tflKicnl .uioj)Linr lor aii) sp((nl i\pt yf w nk 
IS on^, spt(.i< 4 ll) dcsiiJiTc cl to inc 1 1 tin rrqunc- 
inciUs ol that \u)ik oiiK 1 oi instinct, Bntisli 
in -linens lost nuich iifonr\ just ilui the Second 
W^iild W^i when th(.,\ h id .^o use exptnsve 
-lion^bini; *nci ill which had Ixen c oiuci te cijoi 
piss(iii»(i use • \1 ui\ inn ill au designed tei 
(aw> out spc(_ial woik lint the hi<rh cost ol 
]nodiKnii» a luw.kin^l ol aiin’*iff me ins that 
some ^>*pe s lia\c to he le id\ to imdc i ike i 
\ai i( t^ ol J isks 

Til c itil iMitioi^one of the most spcciih/cd 
t\pes ol 111(1 lit IS the [) issen^e i -e in vmi; aeio 
pi me {\(( \iK-iiMi<) 

Wiolhci urckplinc nee dim; spec ill de si nm^'" 
the piimiiN limfti the l\ pi on which i pilot 
cloi s Ins iintifl liainm^ \\hen*lc nnim, to fl\ 

I 111 ti nnc 1 i( io[)l me must hf e is\ to IK out 
It the s niK lirni it iinisl not he louncl >e) simpli 
to ^1 indli^ IS to enc()Uiii;c e nelessness in the 
pupil It must^K sfioncl w( 11 to Its ( ontiol h i\( 
i sl( I u ^ sp( ( ( sheiw th( ll\ i i^ i h n u te i 

isties ol the In 1,(1 modi in leioi^luii md he 
tou^liK huilt loi it will pioh ihl\ ii i\( to st md 
n|) to ou^h 1 mdn^s md otlu i h u sh t » i ilmnii 
1 ill tins le son it must ilso hi i isiK mini 
1 yni d md il find he i^|)uiid Tl must iho 
usuijh lii\( hlmd IKim yistiuments tote u h 
till stndi nl how ty ih in hid \is^hilit\ 

Spn 1 il liiiL,ht ini 1 lit ni ])io(ftuic* loi llm 
sti idiK mill isim;\olumi ol 
111 111 i^ht C 1 lit ol this kind 
must I iin IS hii^ i I n l,o is 
jiossihli e < onoinie ilh so 
thiN must hi\i siiom; flooi^ 
t(; tike loiHinti ited loads 
1 n I’l dooi s 11 1 ne i di d at a 

I oii\ i nil lit he ilIiI loi le) idini^ 

II oyi loi vie s \ iioisi oi sm ill 
i 1 me moPmted m the top of 

hi ‘usilnjjc helps n h md- 
limv he iL>l)Jl * • 

fhi tmiispoit ol Told 
\ eludes leeiiuics loidmi; 
cithn It the nose ot icai ol 
the aim ^It, and i i imp up 
winch tfic* vehicles can he 
drive n mt,e) tlK hold ^ Se>rnc 
t\ i)c s ol lie H|ht, sue h esriic it, 

1 e ejuiic 1C li u’c r it in e i ill 
whilo*olhe»s 111 e cl heated 
imp n till' nts 11 mim ils 


AlKC RAKl, SIM ClAL USI.S 
aie to m ike ]ouinr\s at s^re at heit;hts ^hcir the*, 
itinosjdicic' hceomcft less dense, thc> must he 
c iiiiediii [iiessuic c ihms m vliiPlithe^an is ki pt 
it the nc?im il piessuic loi he ilMn hif'ilhiiiLt 
In lie IS whcie * inumumr itions ire still 
piimitivi such IS puts ol Sc mdiifa\ii in^rthi 
noith ol ( m id i ineiilt must l)c*( iji ihli cfi 
c uiMiit* out 1 t;ic it \aii(y\ ot duties J he n 
must he ihle to i ni\ jiissem^iis md heijjht m 
md out ol sm ill an is, and lt*ee|uentl\ eifxiate 
on lloits m the suninie i aitd skis m the wiulei^ 
s(f Si ai I \M It is not uncommon te^ liivk 
hulk\ oh]( ( ts^slum; on the outside of sue Li m- 
(1 lit loi mstcUice, canoes arc. often sti ipjx d (o 
the tops ol floats, while jiissim^cis skis lu hun^ 
111 1 ic ks on the outside of the fusel ii;( 

\n photo^i iph\ md sui\i^ woik lot jilioro- 
^i iphic mipnnkim; lecjuiic anci ift m which 
camel IS max lx mouiitcd pomtim; citlici 
flnccth clownwudsoi side w ix s it i fixe d im;lc 
Xiicr lit Icn this woik must lx xci) stc idx md 
must he luted with mstiumc^its enililim; tliem 
to he How n on i\ci\ lecuiite couise 

little Utc ntion his xet he c n u^ven to the 
elc si^n ol spe c i il imhulmce me i lit m unIx 
hec luse it is not economic il to kc e uieiiU 
idle w utm lot icc lelc nts oi illness when the 
nclmiix leiojilmc e m •lx impi ox isc cl *10 do 
imhulincc woik Iheicloic stfc tc he is line 
lx en devised to fit m minx tvpes md si/e s e)l 
tl insjioi t ae i opl me s 




I inn (](Uil)l d< >is in tlx nt>M e>l the iirci ill ope n on ih liolelwlnehl vs tie Uo\sn 
|> lilts le v\ln 11 tlx ii(.fL,hfls I i )i (1 
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The csfrrying of mail by special aircraft is an 
attractive idea, and interesting models have 
been pferjned f>ut never built. Experiments of 
lir-mail fhghts by night have been caVried out 
kvith a cargo aircraft equip^jed as a postal sorting 
)llic^ Othc^r aircraft have been modJfied to 
^ick up mtiil-bags hanging high up from the 
.^rou^id on a wire l^etween two posts in areas 
n which aircraft could not land. Specially* 
designed inail-catrying helicopters (see Rotor- 
::raft) have been lused. 

r« Crop dusting and pest control are undertaken 
)y sipall aeroj^lanes or helicopte^js rnodihed for 
:he purposes [ur iNsFciuanhs, \"ol. \d). Forest 
ire patrol, police patrol, and coastgu rd work 
ire among the duties undertaken by aircraft, 
;onie limes of seaplane cr amphibious tyjie. For 
ighling forest fires seaplanes can aliglit on lakes 
n such ])laccs as North America, and pul 
ishore fire-fighting teams and equipment. In 
ome instances lire fighters are dropped by 
parachute (sre Forest Fires, W) 1 . \’I). 

Coastguard work is closely allied with air-sea 
escue. Small flying boats and amphibians can 
>0 to the rescue of ships or aircraft in distress, 
ir equally can alight on coastal uaters to in- 
Tstigate boats suspected of smuggling. 

Set* iflso Alroplanf, 

URCRAFT TAKE-OFF. I’he greatest of all 
[lying problems is that of' taking off from the 
ijround. Once an airciaft is launched into the 
lir, it is comparatively easy to keep it ‘floating’. 
The soaring seagull, the soaring kite, the soaring 
[[Glider (q.v.), and even the slowly falling Para- 
raiujE (q.v.) all show that once an object is high 
n the air, with either a wing or an umlirella- 
ike shape to support it, it does not hill hist, but 
ends to glide^ down rather gently. It can be 
tept up, and prevented from gliding down, by 
1 small amount of cffdrt, cither from a bird's 
iiuscles, or an aeroplane’s engines. The real 
:onquest of the air as a medium of communica- 
don consists in the ability to launch a h' '"vy^ 
object off the giound into the air. (For the 
general principles of aviation, see Flyino.) 

The difficulty of launching aeroplanes has 
in importapt effect on their practical use. An 
leroplane costs a great deal of money to build 
md run, and this money must be earned by 
Carrying goods or people. "I 'he weight of cargo 
3 r passengers it ran carry from one place to 
mother is called the ‘payload’. (I’hc payload. 


»f course, excludes the weight of petrol, engin^j;-*' 
and (flew.) If an aeroplane cannot lift off tlie 
grouncf large enough c^argoes to^ pay Ipr its 
upkeep, larger engines could ^^erhaps sugqeed 
in lifting it off the ground.* But this would mcaii 
that the aerof)lai;ie itself would become ’milch 
heavier, merely to secure a small fucrease ir 
cargo. If the weight's incr^ase^dt the area of tin* 
wings must be increased to bear the Iq^id. 
Larger wingfi mean more weight, and call i()i 
more powerful engines. l\euce the^ «20,()()0 
horse-powoi* cngiiu's of the i ;^o-tou Brab^zon 1 
(q.v.). I’o add t() the weight of lhe« aiivalt 
without havjng bigger wdngs would mt‘iin that 
the aircraft, before taking off, would to 

^'un along the aerodrome runaway at greater 
spe«d in order to get ‘lift’.* This would me;;*^ 
building longer runways at all <bhe airports at 
which aircraft (d' this kind inigliL c<ill. 'I’lie 
building of airports is exjxaisive, and aircraft 
using long runways might have to p'riy l.airgcr 
fees, i'he result of all thesi* di^Iu ult i(*s is that 
aircraft w'hich w^e see iu the sk> aie canning lai 
less load than they could lairy, simpK because 
they arc no t^ able to get off ihc' gioimd witli 
a ‘full’ load. 

Many attempts have* been made' to dc‘v#se 
‘assisted take-off’, or th(‘ launching of aiiciati 
into the air by special means. Slight chemical 
changes intrcxluced into the juel at llu‘ rnoineiil 
of taking of¥have sometimes been used to pro- 
duce* meye powTr than the e ngitie would nor- 
mally yield. Sometimes small rockets hc’lp an 
aircraft into the air. This method, kncnvii in 
Britain as Ratog (Rocket- Assisted d’ake-off 
(iear) and in Americ a as Jato ( )c*t-Assistc‘cl 
Take-off) consists of a battery of srn.dl loekc ts 
attached tc^ the aircraft and pointing towards 
the rear. They are firt'd dining the takc;-off 
run, and help to thrust the aircraft fc)rj\M]’d just 
when it needs every ounce of power.- Afte r tlie 
rockets have beer^ fired, the bracket to which 
they w'cre attached can be droppecj fiorn the 
aiferaft. 

Rocket-assisted taKe-oii enables laden air- 
craft to take off from air])orts where the run- 
ways would otherwise be too shdrt, ajid also to 
take off from airports at high altiuidcc ^ hert* the 
thinness of the air (see High Althtitde Fei(;ht) 
would need ^ greater taking-ofii, .speccf and 
therefore a longer run. Rockets have also been 
used to enable aircraft to take off from thf decks 
of Airgrawt-carriers (q.v. Vol. X). 
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tit (trie catapult h^s bfcn used ifi 
Ainei ica to launch an craft 1 ht devu c ^s^based 
on the pnncaplts ol afi elcctiic motor {see Gln- 
1 RAiOR, Vol yill), except that the moving 
part of the motor, lAtead ol spinning round, is 
piopellcd jn a stiaight.line ov^r a length of the 
aiippit runway which has been electiic^lly 
eneigi/cd A fighter aeroplane attached to this 
clixtrK catapult has been lauriehcel into the air 
within just ovei ,l()i4 seeonds*ef( a ‘^Mnding 
start, Aiid with a i un ol onl\ loo yards as a gainst 
the n(ynia^ 7 oo ^ards lor this craft • 

One ?n( thod of^ru leasing the payload of an 
aeioplane is 1 ufi iing in 1 lk.hi v ), which 
is an indiicet lorni of assisted takc-oll An 
<ier«plane full ol heavy caigo but with almost 
^etiol tikes oil fiflni the giound in the i^ual 
way When if is in the an, another craft, with 
no cargo but filled with pctiol, tiarisleis petrol 
through a pipe to the fust craft During long 
join Ilf >s fueling horn the an can be repeated 
at intervals, ai^ a heavy an craft can be spared 
tlu elillif a I lies ol uikiiig off from successive 
aetodiomcs 

Duiing the litr iq'^os an CN^eiiriKiit w xs 
undijtaken with <i biitisfi composite aneiaft 
^Riis was t^ Shoit-\Iayo Ihiiig-boat md s( a- 
•[ilane c oinhniiition, usec^ for \tlantic c\peii- 
incij|al fliglits A sm ill, Jieavily laden, long- 
range St ipl me, tli^. AIi 7 (ury, w is bfted into the 
111 on the bitkol a^lightlv loaded liut poweihil 
flying-boat, tlu Mata named aftei tiie Cieek 
(lOcldess Mfieui\ s motlu i 

1 he two an Cl ifl look ofl lot keel together, and 
using tlu power ol both aiieiafts’ engines After 
(liiiibiiig to a suilablt ^t ght tlu aiieiaft 
St jiaralt d, and tlu long-i angv an ( i alt set t ouise 
loi its (Itstmalion J ht motlu i nitiaft th«i 
itluintd to bisc Altei a Itw e\peiiments the 
til ^Is wci^e ended 

Iht gefitial pi obit ms ol i nnways and loading, 
as discussed in this a tide, do not apply in tht 
special case eff heliroptcrs • Ihesc machines, 
which hare the uiiusuTil quality of being aide 
to list stiaiglUofl the giound and lu i m the 
air, do not eompt it with ordinary aeiopUnes in 
the matlei of*speed, distance, or load-( arrying 
( j'^’/RoTOAC RAF 1 ) 

Scc^also !• L\ iNt. , Airi mti 

AIRCREW. Ihe 'Mng staff of a passenger air- 
liner Consists of a pilot oi captain and seveial 
assistants. 
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li rug hr/h e Co 

RDl M I \SSlsn D TAKI t)l P 

Illli. BtM llli; SlJ lU)|t t IS I iklllGJ oil USUl^ lilt lull p (wri 
of its 0 gis liiiiJints 'ind ilso iht slioit li cd powv ol a 
ImIUf) oH(jck(ts 

Flu C ijilain is a man of gieal living evptii- 
tiue Coiiipltte lesponsibility toi the safety of 
Ins aiK lalt icsls on him His rank is indu ated on 
jj ufi by a miiiimum ol two and a half iings to a 
III ^lmum of four, dt jx ndirig on sc nioi ity He is 
compdltd by law to hold ruiient licences as 
pik^t and 11a vig itoi , and, in fact, m ly also Dosst ss 
engmeei s and ladio olhcci s lieeiuts 

He will have leeeived his first or ‘A’ heenct 
when, aftci 8 to 10 hours’ mstr^uction in h lii- 
houily lessons, lu has flown solo for a total of 
^ hours, earned out a* simple fiving test, and 
passed a spoken examination on the lulcs of the 
an Ihis entitles a pilot, m theory, to fly any 
aeiopk’ie anywheic, and also to carry V‘^ssen- 
geis, provided he is not paid 

Ihc piolessional, 01 B’ licence, requires aj 
least 100 houis’ piloting cxpeuence The candi- 
date must know an -law, navigation, and 
meteorology, and must have a working know- 
ledge of his aeroplane, its engine, and aircrew 
He must also make two cioss-country flights and 
m night flight, taking oft and landing m dark- 
ness The ‘B’ hc«nac is issued with^a sepaiat» 
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•endorsenfent for each type of acroplaiu' on 
which the pilot is qLialifi(fd5 and a fresh test 
must bcf taken Tor each type added. y\ in(*dical 
examination has to be passed every b months. 

The First OHicer, like ihe captain, holds .1 
pilot’s and navigator's licence. His dirties on 
Ijbard incliftle those ot* co-pilot and navigator. 
He wears two rings his cuffs as an indication 
of rank; both pilots wear the air-line's wings on 
their breast. 

, The Radio Officer's duties are to maintain 
>*::dio contact witii the ground and assist with 
the navigalicm. As well as his lice^iCe, the radio 
officer must hold a certificate of' coi 'petence, 
given by the Fostmastei-Cieneral. "Ij.e radio 
officer w'ears '/ig-zag rings on his cuffs varying 
from one U) (our in number, dep(‘nding on 
seniority, and a lialf-wing on the br(‘ast. 

The Steward has more contact with tlu; 
passcngeis than any other member ol the crew. 
Apart (ioin attending to the c‘omfort of })assen- 
gers during flight,*b\ giving them food, drinks, 
and ncwspa]ieis, he is trained lor esca]M'-drill 
duties in llie event of an emergency; these 
involve the safe and speedy leaving ol the aii- 
^rafi by the passcngeis in ( aseofa forc(*d landing. 
Stewards, ^^ho wear a half-wing on tlie breast, 
may 151 ' men or woni^n; a stewardess is olten 
called an air 'liostess. 

A Navigation Ofheer is (airi<'d onlv on long 
llights. Otherwise navigation is the coiKern ol- 
die First Ofheer. 

A Flight Faigineei can lje carried b> a large 
air-lincr on a long flight. His duty is to wateh 
many jiaiiels ol' instruments while the aeroplane 
is in^lligfit, to ensure that the engines, pies- 
SLirization ecpiipmcnl, propelhas, and olhei 
comjKJiieiUs are working well. If he notices any- 
thing wrong 0^1 his instruments, he notifies the 
captain, wlio can then decide what to do, and, 
if necessaiy, how to land the aeroplane' safely. 

On certain lines the engineer also handle's the 
engine controls on bcludf of the pilot. 

'Fwo^'and sometimes three complete crews arc 
cariicd by long-distance, non-stop ^lircraft in 
prder to avoid the lisk of an accident being 
caused by fatigue. 

The dutioe of aircrews do not end on return 
to their home airport. The Ciaptain and First 
Officer must be available for a certain ]jeriod 
c^ach meynth to practise ‘blind flying' or instru- 
ment approaches to any airfield they are likely 
Mo use {see^ Flying Instruwekts). These prac- 


ticcs jj^re carried <»ut on Uic T^nk' Ira ini' 
dummy cockpit on the ground in which the 
pilot receives radio signals in exactly lhe^ame 
maimc’i* as he would in a real aii t'raft. 

'I'he steward's ground duties inv'olvw tiie 
rheckiiig of hi»* aircraft's stores. # Cliistoms 
oflKcrs insist on a , strict . check of dulifibh*' 
articles such as tobacco and spirits. 

Sec alsi) Aiurou’i . 

AIRGRAPH. Hu- aii gra])li servict' ^iserf during 
tlic Second ’\Vc)i Id War was a sp(‘ci»Iizccy Ibtm 
of Air Mail (q.v.). Because of the limited sj^ice 
which could' be used ibr mails on transport 
aircraft to the Middle f'aist, Africa, India, and 
Ifurma, letters to members of the" Force's sr'rv^ing 
in ifiost' countries were written on special formlT 
and handed in at l^)Sl Ollier' coTmtci's. Thesr' 
Ibrnrs were phoiogr ajihed in miniaturr* and 
re'produted on a sliij^ ol him. Too f('('l .long .md 
ih millirnr'tres wide, containing 1,700 airgrajih 
messages, d'he film strip w hero ciic losc'd in .1 
tru'ial contairrer weighr'd omues, wlieicas ihe 
h'lter's, il sent b) ordiritUV post, would have 
wr'ighed 30 lb. riresi' spools' of him were si'ut 
by aer'0|)lani* to tlu'ir d('Slij>alion. I heie the 
jnocess was reversed, and a ])tinl was mach' ol, 
each original mc'ssagCf w hich was then dcli\'ei(*d 
in the otdinaiy way* 

This serviif could also l)e*us(‘d I'oi h'llr'is lo 
Errgland from tlu'sc' count lies, and was ol go'at 
value', li/J' it enabled members ol the loices 
serv'ing many ihonsands ol' milc's away to eom- 
miinicate sper'dily with their ])eopl(‘ at hornr'. 
From April ic).ti to Jul) when the sei'viee 

closc'd, ovei 330 miUion mc'ssages wen* sent by 
mc'ans of the ‘airgraph’ service. 

^A .similar service was als(> operated bv tlu* 
United Slates authorilit'S. 

S«M alv) PosiAH SLRViei-s. 

AIR HOSTESS, see Aikcrlvv. 

Alk-LINER. 'Fliis is an aeropjane^ vvhich is 
normally engaged in the' ccjinincrcial carrying 
(jf at least five passengers. 

'Fhc first passenger transpor t craft were sniall 
biplanes made of wood and fabric, w’ith one cjr 
two engine's. These had been usf-d during the 
First World War for boml)ing, and were later 
convc'-ted for passenge'rs; seats and windows 
were fitted in the enclosed types of aeroplane, 
while se^ns ^ind a hatch-like lid or detachable 
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A 1 <) \^ \R< (JN \l 1 \ 1 K I IM R 111 

J Ills r\|K ol lit is LlSUl () 1 1 

loolwiif ])H)\ icl( d Joi Uh t) })( s \s nil op( n c ()( k- 
[Jlls 

lilt iiiodtiii <111 liiHi ( <11 1 H s ils T sstnoois 
111 ]3i (. ssui i/( d <ind <111 I DiiditioiK d ( akiiis 
1 Ircai ikn 1 1 1 III 1 i k.ii i ; \vlin Ii li-ivt hitninadt 
it asoiicihl) comloi l.ililr <ui^ .oiiiid | lool Mutli 
Hstciitli has L^unc iiilti tlu iisii^niim ol s< ats in 
wliidi jiasst iiL»tis t<ui sit AMllioiil disi oiiiloi l k)i 
s(>(i*d hours Sltt pin^-l)( Liis loi iiiL;ht lia\c] 
<iH t»<iit.ialh lait»ri thin ihost iif trains L Jit it 
<11 1 la\<ftt)iics and \\<ishinL»-it)oiiis Lit (tut 
i»<illt)s oi kit(h(i> enable liol oi told meals 
it),l)t sti.\td to pa^st ni^t is*lhiout;liouL a Itiiitr 
llu’hl, stHiit .111 fi all fia\e a b<n , pioiiRiiadt 
dttk, Ol Itiuni^e I t)i taii>nig I’ooi Uicic aie 
pitssuii/ed ana he<ited ht)ld^ 

I lie t/t w's'tomi^ailnicnts are tcpnjiptd with 
instiuineilts lor 'blind’ Hying «ind luivigation 
R.ic^u and mdio et^iiipnunt is taiiitd, and .i 
flight engiftcci is littjuently nuludtd to look 
altei the engine IKing lontiols, and pressuie 
pumps loi high altitude flights 

In dtsign an ait-hnei is noinRill> an <ill- 
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v\\ \\ i() SFfnw 1111 \( ( tniMoi) MioN 

n I 1st iiul Souili ViiKTK III roiitts 

iiittcd monoplane Jt is pkiiintd loi out ol 
stMial sjicd.il net ds, sutli as shoit-i<ingi woik 
« \ci\ (lowchd i(^nt(s, long-iangt fl)ing o\ti 
\ 111 Ol land loutts .ind slioi i-j ang(_ lints on 

wlnth tlu It ait It w passtngtis Lh( axtiagt 
1) [)t us( d loi shoil-iangt woik on bi^s^ poults 
has U\o tngints, wlnth c.in piodu(( ^,t>oo It) 
'■),ooo lioist-powti lor shoi I j^t i lods loi iht 
sp( ( i<il (ll(;)t t)l taking-oil , it Jiolds thiit\ to 
loil\ p iss( ng( IS tiiid ( luist-s at It ^‘‘^o miles 
<m houi loi iSoo Ol *qot> milts Hit juston 
engine m this t lass is guidnill) giving w<i) to 
the gas-lLiiljine t ngiiie, still diiMiig an aiistitw, 
but w h somt inticasts in speed s(C r \i i 

Lngims) ^ J he avtiagc weight ol ant i<ift in this 
elass is horn i to tons ’ ^ 

An avciagc lypt used loi long-range woik has 
loui engines, giving a lake ofl ptn^ei oi not less 
th.m io,tH)o hoise-powt i, and in iiian> instances 
ol 1 potK) horse-powci ; it eariies loity to seventy 
passengers ovei dntantes up to ^,ooo miles at 
•^oo to 400 miles an hour In this class gas 
tuibincs both ol lliOi‘puie ]t t’ and ai^scicw typt 
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arc being 'increasingly used; speeds are rising 
up to about 500 to 550 mflcs an hour in the 
case of the .‘purc^jet’. 

The follcAving points are important in a well- 
'designed air-liner. It must-take off and land at 
leasorwible speeds, using existing runways. It 
mijst fly undt'r instrument-flying (‘blind’) condi- 
tions. .Its payload (the weight it can carry in 
passengers and goods) must be profitable. It 
must have passenger comfort and ease of loading. 
I^laintenance must be simple, and the running 
(•t*!fts cheap. It must have a good engine ‘per- 
formance’, and be able to carry worthwhile 
load over a required distance with ample fuel 
leserves in case bad weather should niakc a 
diversion necessary. The size of the aeroplane 
sh( 3 uld enable it to be stowed in standard 
hangars without special ones having to be built. 
As an air-liner is expensive, and must therefore ^ 
be used for some years, the design should be 
capable ol' some development to meet altering 
ic(juirements. 

The air-liner must comply with all national 
and international safety rules, which include 
being able to climb away from an airport 
should one engine fail during the takc-ofT. It 
must J)e able to maintain height should one 
engine *fhil in flight. Foui -engine types must 
fulfil these rec|uirements w^ith any two engines 
out of action. Although craft w'ith two and four 
engines arc the most common, the building of 
air-lincrs weighing over 100 tons has led to their 
being fitted with eight or even ten engines. 
Sometimes these engines are coupled in pairs, 
and mounted as single units. 

Th^ iiUernal fittings of liners vary with the 
length and importance of the journey. ‘Classes' 
exist on some routes, that is, difl'erent fares arc 
charged for pas^sages in different kinds of air- 
craft on the same length of journey. 

Passengers sec little of the organization which 
is necessary for their journey. At the airport 
of departure they show their passports to the 
passporf control officers if they are going 01 1 a 
foreign trip, and their luggage is li^)le to be 
examined by Customs officers. They then walk 
on to the airfield and climb a short flight of 
steps to the cbor of the aeroplane, which they 
enter. They are shown to their seats by the 
steward, and are then instructed to cease 
smoking and to fasten their safety belts for the 
take-off. The safety belt is buckled round the* 
fi'aist of ca^h passenger and*pKvents him being 
1 


fifing out ot his scat* it any inishap occurs at tl>: 
takc-oft.» 

The aircraft is then taxied along a concrete 
runway, draw'ii by the action of its projjelfcn 
and running along on its* large rubber-lyre^ 
wheels. At the ci*d of the runway, a^d at the 
starbof the take-off p^th, the Captain waits tfoi 
a signal frcun the airport control tow^er. (^r 
'receiving this he opens the throttles of hi; 
engines, and tfie'aircraft races along the take-of 
path until it rises into the air. Wh(jri the air- 
craft is safejy airborne, permission is# given foi 
passengers to unbuckle their safety belts *and*t( 
smoke. During flight the radio offic*er anc 
navigating officer constantly check the aircraft’; 
exact position. A written note giving the detail; 
is parsed round to passengers Irom time to time 

See also Aeropl\nf ; Airc.rfw. 

AIRLINES, see Civil Aviation (mapV . 

AIR MAIL. The first official ak mail in the 
woild was flown on the iB February 191T, ii 
India, covering a distance of 5 miles,- betweei 
the Industi ial* and Agricultufal Exhibition ai 
Allahabad, and Naini Juncti»n. 'Fhe lirst aii 
mail in the United Kingdom was flown if 
September 191 1, between Hendon and Windson 
to celebrate the coronal ion of King Georg# \ 
iind Queen ^^ar>^ Little further progress wa' 
.made until immediately after the First W'^orlc 
War, whefi army acroj)lanes were used to can) 



mails from England to the British Forces in 
France and on the Rhine, fl'his sel vico w^as dis- 
continued in August 1919. 

The air mail as we know it to-day, however, 
may be said to have started in November 1919, 
with the opening of the service between London 
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ThfM<‘ is .1 Id! liiit^liLK s<-rMcc tt) iiiar.s r<‘iiioi(* parts tht* 

• coruiiifMU 

• 

*.and I’aris. An air i'rr of i^d. per ounce was 
cliari>ed, in addition to ordinary postage, and 
some 45 It'tters were rallied daily. Services 
were gradually extended to otlw'r Kuiopean 
count lies, and on Jo March ip^9> art -mail 

service between England and India started, 
I'his was the first stage in extending the air 
mail from the United Kingdom to countries 
outside Europe. The fee for air mail was r educed 
as the sei’vices expanded, ur^til it became as low' 
as id. per ounce to France or Belgium, and 
pel ounce to Holland. T o-day, ‘first class mail 
(letters, Jettei'Vat'kcts, and post-c«irds), paid for 
at the ordinary international rate ol postage, is 
sent by air to thost Ruropeafl countries (though 
not to Teejand-or Poland) to^vhich it will arrive 
move cpiigkly than by fhc surface route. TWerc 
is also a sixpcTmy ‘air letter' service, uvi ng all 
countries, whicR is specially useful when tending 
letters to, distant places such as Canada, where 
an^rdiifiiry air-mail letter would cost as much as 
a shilling. Au air letter is written on a special 
forn? suppled by the Post Office^ 1 his is made 
of thin paper ar • impressed with a sixpenny 
stamjf. 

A letter can now be ^ent by nir almost any 
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country in the world, and aircraft leave London, 
night and day with*loads of mail for Australia, 
Canada, India, South Ameiicrf, Soijth Africa, 
U.S.A.,*and other countries. A IcAer which, 
by surface mail, wovld take a month to reach 
Australia, takes only 6 days if seiA by air, mail. 

A development in inland air-mail «crvices was 
the introduction in 1949, .on an experiryental 
basis, (jf helicopter services between Peter- 
borough and Norwich to speed up postal services 
in East Anglia {see Rotorcraft). 

See also I^ostat Serv'iges. 

AIR NAVIGATION, see Navicaiion, Air. 

AIR PILOT, see Aircrew. 

AIRPORT. The term airport has come to 
mean an aerodrome or lancling-gronncl ol large 
‘size, used by regular air-passenger traflic. A 
great interiiational airport may take a long time 
to grow. London Airport was planned to be 
built over a period of years, at a cost of more 
than /, 20, 000,000. Even while airports grow', 
tralVu must be handled snioolhl} . New York's 
airports cater for more than Hoo aircra*’*^ - 

nients (in or out) in a clay. 

The chief needs of an important aii^KJft arc: 

{a) A large area of level grciincJ. Modern 
aircraft may need a run of nearly two miles 
along a lake-ofl' path or runway, and an aii- 
j)ort's runw^ays must point in more than one 
d' ertion to provide for changing winds. All 
raft take olf and fmd ‘into the wind', facing 
the direction from which the wind is coming. 
I’his is necessary so that the wnngs niav develop 
eiiOiigh ‘lift* {see Elyinc^). 

{^b) Firm sub-soil. Thick concrete runways 
are i)uilt on this. Aircral't weighing 70 tons or 
more may take off and alight at a spv*ed of 100 
miles an hour, and tlit load on the ground is 
severe. On the other hand, the land must be 
carefully drained and not allowed to become 
water I -gged. 

{c} dear weather conditions. Eog and mist 
caused byVivers, lakes, .ind reservoirs in certaip 
conditions of temperature and humidity involve 
danger, expense, and delay for aii^^ort services. 
Mist which can hinder visibility, particularly 
at dusk, can be caused by the smoke from 
factories or from towns where many coal firds 
are in use. 

{d) A site near A city with good arterial rf>ad 
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ru I PI AN ()I 1 UNDON AIRI OKI 

Pts'>i< ni^( 1 i uildint*^ ind tfu c(jiitiLlk\\ iikcuja llu (tn- 
tiTl aitti U\i Iradv^ Ij \dinq; fiom ditm if llu i n s 
IluK ai( hani^cirs \NfJik'>h()])s ind tuunlf n uicf l)uil liu s 
to llu cast ol the 1 unu s irid tin tlu i ni iiiitcn iiu i ut is 
to llu s )LUh 

and lailwa) scivucs I iin< lined in in tii\(l 
^c^ei loniT distances will be lost in slow i^ioinul 
tiavcl unless the anpoit is lu ai a (apilil oi i 
gioup»f)l luge towns ^ 

(e) riccdcu^i liom obsti uc tions to flsni 
Neighbouring hills, blocks ol flats and ofliccs 
fartoiies and tall chrnnc\s, jiowti stations and 
ckctiicity pcmei lines and p\lon hndi iaih\a\ 
viaducts aic among obstacles to be ixouleel 
Those vei> iiiMi the anpoit ha\t to be hi at 
night or in foggy wcathei 

\Iany ^of those laitois conflu t, and in f le t 
most of the gicat airjjoits of the woild n* the 
lesult of compiomisc , none is cm an ich il site 
Most an ports have been slniped b\ the e f>n- 
slant changes *that hue taken jilae e in tlu 
dc’sign of anciaft Ia(^i\ few ye ns lunwacs 
have to be made longe i to ae coniniodale fasie i 
and heavier craft {hi \iiu rai i i vki-oh) 
Airpoitc which cannot expand, owing to die 
pic sene f of a ncighboiiiing Iovmi or iivet, cease 
to be iis'ed by the most iiiipeulanf «iii -lines 
which turn to new aiipoits I he se come inle) 
use before thgre js time* Uj jilan and build all the 
adrnimsti alive, passerigei, arul storage buildings 
lecjuiied tor that icasoii gioups 1 icmpoiary 
lAiildings are seen on many of the woild j niejsi 
modern aiipeiits ^ 

The patterns ol airport s,d\/I^* ^ great deal 

J 
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The pattern of eaeji j)Oi t is de tc i mined by ij,i 
lunvvay^, and these in tuin aic mfhunceci In 
the prevailing winds, the* cpianlity„ speed,* and 
weight of the le'gular anciaft ip use and •Llu 
aic a of land and financial fesouiccs <i\aiPabU 
AI«mv aiipoi ts ^J;lVL thijse mam i unw.i^s, e acli 
po^yting in a diflcKiij; dneetion A/cjcli ij.m- 
way can seive tv\() opjiosiU poiirt'^ ol die eom- 
• pass, an aiieiafl wliuh js about to t«ik( off ^ir 
alight has a clfoke ol SIX dt^eet^ons If the angles 
between the thice lunuavsau ecjiiallv #sp u e d 
out, lufiwav vsifl evei be nioi^ tlnyi ^o 
degites out ol line with tlu, due c tion^ol the 
wind (jtf 1 Jg, i) In some cast*- tlu thiee i un- 
wav’* aic laid out in j liiangli In olluis ihev 
CHIOS' one anotlui m in iiicgnl n jiittcin OUe n 
miilfi-stiip iiinwiNs IK bnitt to e n d)lc niou 

an tiadie to be* h nulled it on^( these ne 

pattern^ in v^hiclnc uh iuin\a\ is duplicated b^ 

.1 p u allc 1 sti Ip IK ar it 

One jiatlein laee^uied In m mv 1 ii g« " in ts 

IS the tange nti d 1 Ins e onsists eil^ i c e nti il ii e i 

ol coneiete lioin the edge o( whuli i minibti 

ol lunw ivs 1 mi ofl ill a I in-,( nl ( uf 1 ig » llu 

eenli d ii< i c^mlains the liektt oilii ( s e nsteiins 

sheds inel v\ nlmg-ieioins C)n( iieU int.ige i 

that nuK 11 la\i-ing e 3 l «ni(ial1 is ixoided bfc- 

tween tlu depiituie buildings nul llu e hose n 
• * 

1 unw IV Passe nge is e^ m bo n d uii i ill lu ii the 

nipoit bmltlkngs and tlu inei ill e in flu n 



the taxi trucks 1 ul I lU lioin itu l)inleliriL;s iii rtie («nti 7 to 
thf langf iiiial iunwa\s « 

move stiaight along a dcpuiuic lunwav in th 
dfsi.cd diKctiein, becoming uilieiine at ll*f end 
Ol the* I. a v\^iv A see ond iinpnitant adv antaire 
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tlifU aiiivin" and departing aircraft never use 
iTie same i iimvay. Incoming aircraft wH^dways 
loiuji down^ at the faf end ofa runway*opposile 
lUe, d('}iarlure rnnway in use; they will then 
taxi ifs lar as tiie ctfiUral buildings. 

Afongs^c main rnjrnvays, :iind some distance 
• froni the^^ auxiliary runways or taxi-ing paths 
are often laid down, and are connected with 
tlie main i unways by cross-])aths at intervals.^ 
Aiuralt which havc^ landed, fufd whl.!i may 
havc»i^lc)ng way to taxi beloie reaching the air- 
port jniikWngs, aie ex]M‘cted to turn»oirihe main 
aijivali I Linw ay on to oiu‘ ol these adjoining 
taxi-ing runways, in order to alipw other craft 
to land. 

J^oiulon Air]iorl, wliicli is near tlie Bath RoaJ, 

12 to j miles we^it ofccaitial London, covars an 

aic«i of acics and waS'ojiened in 

'' iicrc aie si\ rmiwa\s arranged in j^arallel jiairs, 

till* two imiin nmWii\ s being o\ er 9,000 leet long. 

The ail] fort is designed to ser\'C the hugest kind 

ol tiansport ajri i.iK likely to be operated in the 

I'oi . .V « Ml -I* ("line, '’ he main passenger buildings 

and tile i J^-l'ool-liigh loiitrol towTr oci uj’iv tlie 

I cull i* of the airjjoil and aie reached b) a road 

lumiel, whiili is Indl a mile long .mil has four 
• ^ ^ 

loathe lain iiiiming uiidei the northern run- 
* ua\. 'LJu mam IJ.lhA. and b.( ).A.L. niain- 
tciiaiKi* bases, woikshops^ and Iruig.iis aie to 
the (*asl ol (he nniw a\ s. • 

I laliic on SLK li a siaie needs ait oiganization 
^\hi(h (onijiaii's with that ofa busy ^arhoui c'r 
ol a giiMi lailway tei minus. 'J'he c(‘ntral airjiort 
buildings have not only to jirovidc lor the coni- 
ioit ol ]).issengei s and to house the oflicials who 
d(*al duecth A\ith them. 'They lontain stalls 
which deal with maps anS charts; weather in- 
loimation; testing ol' aircraft (‘iigines, electii^'al 
i ill nils, and radio sets; conlioi ol landing aii- 
ci.ill; ladar flevices for ‘blind’ ilying; wireless 
contai't with foreign aii ports for trallic informa- 
tion; lu(*lling of 'ircraft i’ltim tankin' lorries; 
contiol and maiiilei^ance ofj'iundreds of pow'cr- 
^ lul* signal^ lights in vaitous colours all overwind 
arouiuf lh(' .lirjiort area; provisii-’ of stand- 
by aii'ciews; a"tnl)ulancc .services; In c-fighting 
s(]uads; ;idmhiistrative and welfaie work; and 
dii^^ anc^ night i'ant(*ens. One of the most im])or- 
tant tasks ol'Uii* staff of an airport i.> to see safe’v 
to tlfe ground the lancling aircraf^. This becomes 
.skilled and anxious work when bad w'cather 
redurtfs visibility indeed, when an aii|)ort be- 
comes seriously enveloped in fog, aircrall somc- 


‘y 
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I’ASSl XC.I.RS noVRDIXr. W MR-IIMR AT 1 IM Rl'OOf. AIR- 
I'ORr 

In till* hackgroLiiui is tlic contml lowrr , 

times ha.ve to he diverted l)\ ra/lio to another 
less fog-1 )oiind port. Airports .ire, however, 
provided with various aids to finding in poor 
visihilitN . f’irt*w’orks are sometimes used for tins 
/.ir]Krse. I'he i ontroller at the end of the runway 
whic h the aircraft is to land has a selection of 
coioiiicd rockct-lighls which he can lirebv jiistol. 
During the aircrafr.s final approacli^ he may 
fh'e .several lights to mark the end ol the nmway. 
He uses another colour to tell the pilot to ‘go 
round again’ if the aircraft is still (King too high 
for landing. Although the controller is also in 
u/uch with the aircrafrby radio-lelcjihone, fire- 
works have jM'oved useful as quick last-minute 
signals, especially during ground mist. Elabo- 
rate arrangements of high-powered eleewie lights 
ofva nis colours, indicating the runway in usi*, 
ran help Rindings at night and in po()r‘visil)ility\ 
One aid to landing in fog, which was de- 
veloped during the Second VVoi^ld War, was 
LIDO — the initial letters of I’og Investigation 
Di.spersal Operation. Metal pipes i,ooo yards 
long were laid at each side of a runway. At 
^intervals along the pipes were small holes or 
burners. Petrol pumped along these pipes 
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and set alfght at all the holes. The fierce wall 
of flame on each side of the runway gave out 
so much 'heat th*at the thickest fog was cleared, 
up to a height of 300 feet from the ground. 
Tlie device is too expensive for normal use, as 
'500,000 gallons of petrol an hour are needed to 
kf^p a runwfiy fully warmed. Other disadvan- 
tages (if Fido in peaccrtime are the bumpiness in 
the air caused by the rising heat, and passeiigei ’s 
natural dislike of making a landing betv\een 
vails of flame. 

- •S'fC also CllVII AvIAIION; \\\ K’.MTON 

AIR ROUTES, Civil Avimion. 

Alfl RULE OF THE ROAD, jcc Ruil of thk 
Road, Section 3. 

AIRSHIPS. An airship is an engine-driven air- 
craft which is supported by gas that is lightei 
than air. I’he lifting gases in general use aie 
hydrogen, which catches fire very easily, and 
helium, which is rare and expensive. 'I’he high 
cost of building airships and the large giound 
staffs needed for handling them make tin* over- 
*hfad costs high. The greatest disadvantage, 
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This view gives some idea of the si/e of the airship^ 
* lenq^h w'as aVjout seven tiiitl-s its width 


however, is the low cruising speed - 90 miles 
hour is jhe highest practicable so far. On the 
other hand, landing can be made yvith pnacti- 
cally no forward speed, whereas^many modern 
aeroplanes have to touch dtfwn at over 90* miles 
an hour. 

The popularity ol the airsliip war- fiighes^ at 
the beginning of the present century. Before 
• aeroplanes had flown, and during the carJy 
years of their* development, great hope's were 
placed on airships. Behind them lay a oehtury 
of successfubBALLOoN ascents (q.v.) ; ^ wly'ii at 
the end of the 19th century the.motor-cai’*erigine 
was available, it was felt that the two principles 
(ould be combined in the airship, or dirigible 
l/alloon, to provide a new form of transp<^rt. 
Witlfin a few years the Firsf World War had 
turned the aeroplane from a freak into a vital 
form of communication. Britain began the war 
with 600 aeroplanes and ended with 22.000. 
T’he airship never regained po])ulaiily! 

Modern airships are classified, as non-iigid, 
semi-rigid, and rigid. 

The non-iigid tyjie, sometimes calle^d blimji, 
is simply an •elongated gas-V^alloon with an 
engine-car suspended b(‘low' i^. ll was used for 
patrolling the British coasts in the i’iist Woikl 
War and the American coasts in the Second 
Woi Id War. 

'The semi-rigid type, in w^ifh a long, ligitl 
keel supports Vhe passengei and engine-cars, has 
been developed mainly by the Italians. As with 
the non-rigid airship, the semi-i igid keeps its 
shape by the pressuie of gas fiom within. If gas 
escapes, the vessel may become* so flabby as to 
get out of control. 'J’wo of these airships luive 
flowai over the North Pole -the JVotj^e (meaning 
‘Nvirway'), chartered by the Norw^egian ex- 
plorer Amundsen for an expedition across die 
Pole to Alaska in 1926, and the Italia^ on ^aii 
expedition organized by its designer, Umbeito 
Nobile, two years later. After reaching the 
Pole, this airship vms wrecked on the, retunj. 

The rigid airship, whfbh docs not depend on 
inflation for its shape and rigidity, has a hull 
made up of transverse frames of light rnelal alloy 
joined together by girders. The* bay* between 
each set of f rames contains a gas-bag. Itie whole 
structure is given a stream-lined coverin^g of 
fabric. Keels .running through the hull add 
strength and provide access to various parts of 
the ship. Fuel tanks, water ballast tank^, and 


^l^l^weigh<s arc spaced out within the ship. 
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A NoN-RlOin AIRSHIP 

A CJ-lvjp' airsliip hijJJt hy (yoodycar, u^-d for paholfm^ 


.^1 tlu‘ strrii ;uc fins and inddrr siniilai’ lo those 
lised on acrojjlanes. control car is built 

inU^lKc undetside in the form of a small cabin. 
Passcni^rr and Ir^i^ht accominodaf ion is nor- 
mally within the hull. I’hc cni^incs*, whicli drive 
propellers, aie in suspended cars, cullefl gon- 
dolas, hung beneath the hull. The » as-bags of 
rigid airsliips and the outer envelope of other 
airsliij^s arc made of layers of cotton material 
proofed with rubber to pi'(i\erit the gas escaping 
— although a slight leakage cannot be prevented. 
Sonic of the ear ly airships had envelopes whkdi 
wore made ol die lining of the intestines of oxen. 

[iernvin. rigid airships, named after their 
designer •Count Zeppelin, were probably the 
most successful aii.-^hips ever tuilt. lire first was 
corjstructttd iri i()o(f. ZepjAdins were used to 

start the lirst air-line m the world from Berlin 

• • 

to Lake Constance, on the borders . Ck*rmany 
and Switzerland, in ipio. Airships of this type 
were. ustTl for liombing London in the First 
World tVar. After that war Zeppelins again 
took^the Jead'in regular pas.senger transport by 
airship. F»om 19;] i to 1937 the airship Graf 
Zeppelin fl(*w sei v ices to a time-table between 
Europe and America. It made fifty Atlantic 
crossings and one trip round the wofld. In T 93 ^ 


ALASKAN HIGHWAY 
the larger Hindenhurg began r)perating between 
Europe and New^ York. These two craft be- 
tween them had flown over million miles 
when, in 1937, 'he Hindenhurg burst Into flames 
when al)out to moor •near N<‘w York, and all its^ 
passengers and crew were killed. *rhe had 
been unable to get supplies of the* non -in fin rti- 
mablc gas, helium. 

The British rigid airships were all cla.ssiricd 
by the letter R, standing for Rigid. The best- 
known of the.se was tlie R34, which in 1919 
made the world's first double crossing of ♦Iv'. 
Atlantic. Biiitish cr'aft, however, did not take 
part in a regular passeng(‘r sei\'i(e. 'The Stale- 
built Rioi, Britain's lar gest and mosi luxurious 
airship, was wrecked with gicat lo.ss of life at 
Beauvais, in northern France, in 1930, on its first 
long \o\age. 

Tliis di.saster discouraged the building of air- 
shi])s in Britain. A sister ship, tht' Rioo, which 
h.id first su( cessfnll\ flown to C.madfi and b.ick, 
was dismantled, and its metal ])arts flattened 
out by steam-rollers fhi use as scimj). A few 
\eai's later came the loss of the (h*rman l/indcn- 
burg. Th(\se two accidents, as well as the loss of 
the American craft A/, arrd Macun, caus(‘d air-^ 
craft designers to cease building air'shins. 

ALASKAN HIGHWAY. AlasUi is a territory 
of the l’riit(‘d States, but rt is s(‘parated, geo- 
graphictdly, from the United States by the 
western part of Canad.i. 'Fhis part of Garrada 
'Iriti.sh Columbia and the Yukon) has been so 
.■ tie developed, that urrtil recently the only roads 
were the trails made by the early settlers or 
b) the gold-diggers of the Klondyke CJolcJ^Rush 
ill 1898. Alaska was more often reached by sea. 
Dining the Second World War it was realized 
that the Jaiianese might inv.ide ^laska, arrd that 
it was so cut ofT from the Americans that they 
would not be able to defend it. So the Govern- 
ments of the Urrited States and Canada co- 
operated in building a highw'ay through the 
w'ild md little knowm regions of neftth-west 
Canada. ^Most of the liuilding was done by the 
United States Army; and the Canadian Goverij- 
ment constructed a scries of airfields. 

'I he land was first surveyed by* aerial photo- 
graphy, and therr was more closely investigated 
by surveyors led by Indian and Canadian 
trappers, who were among the few people that 
<new the country. Bulldozers were used to 
clear the gr ound ^if 4 rees and to levej the track* 
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and road-building news followed to eoinplete 
the work. Settlements were built along the 
route, with landing-grounds for the aircrall 
which brought su[)plies. Moie than K),ooo 
st)ldiers and b,f»oo civilian workers were em- 
ployed, and th(‘y had to be provided with (‘V’cry- 
thing they needed: food, houses, medical sup- 
plies, doctors, and clerks. Insects in summer 
and intense cold in winter made the work 
diffic ult, and much of the country was moun- 
•t^inous or swampy. North-west of Whitehorse' 
the ro^id rises to a height of 4,212 feet above sea- 
level, ifnd it is diy ami dust\ . Farthc'r south 
it is wet, and lf)iiies were often bogged. ‘Mus- 
keg’, or bog of saturated peal and mcjss, was thc' 
worst obstacle, and crossing it needed great 
laboui and engineering skill. 

The road is i,()7i mile's long. It starts at 
Dawson (’reek in Britisli Golumbia, and goc's by 
way of Canadian airfields at Fort St. John, Fort 
Nelsop, \Vatson Lake, and Whitehc^rse, to Fair- 
banks in Alaska. It was built in b months, 
though years of work are needed to make it 
suitable to carr^a great deal of traffic. 

The road is now' known as the Alaskan- 
Canadian Military Higfiway, or more briefly 
the ‘Alcan Highway’. It did not have to be 
usc'd to repel a Japanese invasion of Alaska, but 
it is maWng it possible for people to reach, set ic 
in, and develop not only Alaska but a]l the rich 
li^nd through which it runs. 

.Sf-r also \ ol. 1 1 1 : Ai aska. 

S<T also Vol. VIII: Road CIOS'. tri rnioN. 

ALOIS LAMP, see LlCillT SlONALLPTO. 

ALPHABET. The alphabet is a ccjllc ttion of* 
letters, signs whifh repre^iei^t the sounds of 


speech, arranged i^t a fixed oitF'c. T'hc 
comes T{*om the first two letters of the Greek 
alphabet — alpha and beta, 'in the c^ldc.'r metliiods 
of picture-writing, thousands of^ different sym- 
bols w’erc required to ex^jirss thoughts, and 
objects {see WRi rijftj) ; but- in alphal)C'Uc wa iting 
only; about twenty-live or so letters needed,’ 
and by combining them in diflefent ways any 
•number cflAvords can be made. An ide.d alplxi- 
bet would havV hue sc'paiii^e consistent letter lor 
each sound, and only one-; Imt no such al^)tiab(‘t 
is in genend use. Actually each ol^thc-finain 
al})habets of the world has ;i, small imifiber*of 
letters, genei iUly between twenty-twc) and thirty- 
five, which are not enough lor all the sounds 
ifeed in speech; oui own alj)hal)c*t, fc)i instamc*. 
has fjnly twent\-si\ lettc-rs ft) rc'prc'sc'ut a!)out« 
forty-tw'cj different sounds. The* ^)tii('t sounds 
are repiesenteci lr\' combining difli'icrit letters 
together, or by using the same Ic-ttci to lepicstmt 
two difl'crc'nt sounds. No al])habc'l is cil)st)lut^l\ 
consistent; there arc‘ oftcai lc‘tteis#>iu h as k and 
c w'ith the same sound i err Si*ia 1 lnc;'. 

The histoiy of the' alphabe t covc.m’s ;;,'’)Oo 
years, and ('xt«nds over the whole' vs'oilcl. Most 
scholars think that iicarK <ill 4'\isting al])habet' 
are dc*scended liom one' oiigin.il alplialxM, usc^ 
some ;^,ooo yc.irs agy ])y the' Si.miils fc| ^ 
Vol. T. But thc‘v do. not kno\e (or (tnt.un 
this original af})}iab(‘t (Mine iyto Ix'ing. It niiU 
,have originat('d in Fgy|)ticUi i l:i roc.M’piiic' 
fcJ.v^) ?)r in anothci kind ol picaui c'-w i iiing suci 
as that used in ancient (aet(‘ (\ie Mixon^ 
Givii r/,A'i ION, \^) 1 . I , or else in an .ihcMch 
alphabetic script crc-atecl by a gicat invcaitoi 
about whom avc* lyiow nothing. Keciaitly 
ancient inscriptions have bc'cn cliscoxeied ii 
Pjilestine and Nortli S\ria and on the* l^‘ninsul. 
of Sinai, which sc'ein Ic) be caih atteiiijits -at 
alphabetic waiting, and sornc* schoIars#l)('li(iV(* 
that the.se may be a link in thc‘ chain*bctw'('en 
the Semitic original alphabet and tlu' Fgyj)tian 
hieroglyphic w ritinf^. One f)f the ‘mosU valuable 
discoveries was that of some earl^' inscriptions ■ 
in North Syria, which are in^ a com|)letely 
alphabetic form of scrij)t. l iny belong to a 
North Semitic language such as I’hcM'nirian, and 
arc believed to go back about 1400 yf*afs*n.o. ^see 
PiioiiNiciAN Givn t/ATi()\\ yol. I).* It is llKjyghl 
that the alphal*ct used in them preswits certain 
elements similar to those of the original Semitic 
alphabet, and from them and many other irrdica- 
tions it is asfumed that the alnhabet originated 
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Pari ^41 r‘ insrripllnn nn-tho (ofTin f)( Ahirain, Kinc; ol H\l>Ios, alioiu pyf) u c. lUblos was a PlifxMiuTaii town on , 

tlir roast ol Svi la 


bcfon' if^oo h.c., soIn^^vh^^(• tlic Srmitir 

])(‘o])lcs ol P.ilcsLiri(‘ 01 Syria. 

ahoul 1000 n.c. ioiii Tii.iiii alpliahcts had 
^^ris(•^ oul ol the on^iiial Semitic alphabcd/aiid 
in time’ c'arh ?)i ihem .^ave 1 isc' to many otluas. 
'riu- (uinaanilc br.mch was lllc* aiueslor oC die 
caily IU’l)rc’\\' al|3liabcl, used bN the aiuicml 
lsi?telites amd other N(\ar ILastern ])c' 0 |)l(‘s, as 
well ol th» Piiocaiieiari alj)habet, used in 
Idioemc la jisell ano in hca colonies, sne h as 
(bailhai^e.- The' .\i<imai( biaiuli \\<is the an- 
eestoi not only <»(^a \'ajiel\ ftl'sc 1 ipls used 

tliroiiL;hoiit \\est(‘sn <nHl ceiilial ;\sia, and in- 
dft'c'c'tly L'i\J'iy rise to many moie in ‘ onnlries 
swell as India, Ja\'a, Kor*’a, and Mongolia, but 
also^ift he modern I lelii'eu and Araliie al[>hab(‘ts. 
"I’he Sonth Semitic# bi anc h was mainly c onlmc'd 
within Ai<il)ia, where man\ dilleient scripts 
devT’loped horn it. .Vn ollshoot ' pfeacT into 
Aliica, and became tlie ancestoi cjl tlu I’lthiopu 
«tlphabel 

d'he lourth, and most important bianeh was 
the (bec'k aljilialicM , wliicU is thoiii^iil to have 
been caeatc'd sonu’where betocen tlie lit*" and 
the c)th ('(‘iituries me. Tlioudi scholar^ arc" nf)t 
ai^i^’c’d ui^oii tjic* time ol its oiiyin, llicae is no 


serious scholar to-day who doubts that the 
(ireeks dc-rived their «ilj)liabet liom a Semitic 
source. The sha])C's of the* lc‘tters are esscntlajly 
the same in eai I\ (heek as in early Semitic, 
their sc'quencc" in tlu’ alphabet is the* same", and 
the* valu(‘s ok the letters are, mainly, the* same. 
Janallv, not only are the* name's c'ssentially the 
same*, but tlu'sc names, me<min.^l<*ss in Cheek, 
are woids in Sc-rnitic’ kmi’iiac^c's. Ucaice, these 
alphabc'ls must be* jelat(*(l, and as the Semitic is 
wiihoul doubt the e.iilier, the* Ciic*ek must de- 
pc’ud u]K>n it. The (*arly (h'eek writinii; was not 
uniloirn: c‘ach ol’ the* many little state's h.id its 
own variety, and there wc’ie pci‘ha])s ;?^bout 
fortx' local alphabets. In* .^0^5 b.c. one olThcst:, 
the Ionic e)t Miletus in Asia Minor* was ollicially 
adopted at Athens, and latc'r became the com- 
mon ‘cla.ssicar Check al])hal)et of twenty-lenrr 
letters. The Ciie' ks introduced v^arious lefoirns. 
i‘ example, the* Scanitic aljrhabet had con- 
sisi d entirely ol’ conMinants, but the Cueeks 
used some of these consonants, for which they 
iiad no use in their own lanj.>ua^e, to iK'pn-sent 
the \owc*ls a, e, i, o, u. They discarded some 
Semitic letters and introduced new ones to lej^ie- 
sent the .sounds ph, ps, kh, and»ks. They also 
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,simplificd^ the form of some of the letters. TTic 
Greek alphabet has given Fise to a great many 
alphabets^, somf* of which, such as Coptic or 
Gothic or those of ancient Asia Minor,' are now 
extinct, while others are still used; for instance, 
the ^Cyrillic ^n Russia, Bulgaria, Serbia, and 
Ukraine, aad formerly also in Rumania. Most 
notary, however, the Greek alphabet was the 
ancestor of the Etruscan alphabet, the ancestor * 
of the Latin or Roman alphabet. 

The Etruscan alphabet — used in ancient 
Etruria, roughly corresponding to modern Tus- 
cany in central Italy — was developed from the 
Greek alphabet about the 8th century b.c. It 
originally had twenty-six letters; but in the 
late 5th centur^^ b.o. classical Etrusc*in was 
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developed, which l^ad only twenty characters^ 
sixteefl consonants and four Vowels. Many 
different alphabets arose* out of the Etryscan, 
the most important of all being the Rojnan 
alphabet. The Romans adopteci twenty^^one of 
the original Etri^an letters. As the Etruscans 
had no g, the letter c was used fc^^thc Latin 
sounds k and g ; later a new- letter was in- 
vented, consisting of c with a bar added, wltjch 
is our g. Thk replaced tjie Greek z, for which 
there was no use in Latin, tn the ist ^century 
B.C., however, z was restored for Piatin^words 
of Greek origin, and placed at the end of. the 
alphabet. Aj: the same time the letter y was 
introduced, also for Greek words which were 
taken into Latin, and placed before the z.^ By 
the •licginning of the Christian era our alphabet 
of capital letters w'as completdly developed, 
except for j, u, and w. 

I’he Latin alphabet, altered in various ways, 
is the basis of all the alphal^rts of western, rtai- 
tral, and northern Europe. It luj^ l)een ada])l(‘(l 
to meet the needs ol the dilferent languages, 
many of which contain .sounds not re]^reseiited 
in the originiv' alphabet. ( )im' of these ada|)te(l 
forms is the basis of the English alphal)et. 

The Runes, or ‘national’ script ol' the 
tonic peoples, are probably desc(Mid(‘d (in tho* 
'znd or ist century h.c.) from a North Earuscan 
alphabet. 'Ehe Runic alphabet was geinaally 
displaced by the Latin on the conversion oi' its 
u.sers* (chiefly the Scandinavian ]jcoplcs) to 
Christianity, but in some outlying regions of 
Scandinavia it lingered on into the ibth 01 17th 
centuries. 

It was also used in England between about 
A.D. 500 and 1000. Klorecner, when the Anglo- 
S^ixons look over the Irish style of the Roman 
alphabet in the 7th century a.d., thev adjed 
some Runes,# the ihorn^ )), and the^ uyti. p, 
representing the sounds of th and*w. 'I’he 
wyn was dropped *in the 13th century, but the 
thorn was used up till ilur i6th or . 17th cen- 
turtes, and even later. * It was latterly shaped 
like a y. The two last lines of 'the inscription 
over Shakespeare’s grave, for instance, run: 

BI.KS'n-: BE YK MAN SPARES THES I'OiyES, 
AM) CURST BE HE Y'E MOVES MY BONES. 

Three new fetters were introduced info the 
English alphabet in the Middle Ages: j to repre- 
sent i wuen used as a consonant, u to represent 
V when usejd as a vowel, and w to represent w 
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THF. IRANkS (’ \SK1'T ^I RGNT P \Nri,^ M\l)| IN NOR 1 Ml'MllUI \ (iF VVIIALFRONF., ABOUT A.D. jCHi 


Or^tlic \\ ayland llic- Siuith, on ihr rit^hi thr Adoration f)l the Maiji. The* snrioiindini; Riint-s n'.id ‘thr (isli flood 

. lilitd dit' \\ luilc’.s bf>n<*s on to t lie mainland ; the ocean betaine tin bid wlmre lu* swam aground on the sbim;lt‘’ 


or uu. i 1 k‘ hlack'lctlcr script, incorrectly 
called "(jothic’, was used in Encjland until tlu* 
if)di centur\, wlfen, ^\ith th(‘ df-velopment ol' 
Phin'IINc (q.A .), (wir uritincf was chanj^ed to its 
yilfesciit Idnn d’lie hlai k-lettcr is stiP used in 
'C«cniiany. 

JSl one tiint' a Ciaelic alpliabet was used in 
th(' British Isles. J'his was llie eurious Ot^hani 
script, which consists ol strokes or notches cut 
in tlie cornet ol' a ston<\ varying in* number, 
jiosition, and direction for each lettei. Alost of 
the O^hani inscriptions which have been Ibund 
are in If eland, but there are some in Wales, 
and a [r\v in the Isle of Aiiin and in Scotland, 
d'he (),<;hams are not derived from the Human 
alphabet, but w^ere probablv invented in ifte 
4tlr century by someone familiar with 

Rofiian 4\TUing and letters. 

See also* SpiLiiNc; Writini., JIisiory oi ; Hifro- 
ei.vrnics; (Icniiiorm; Handwriiini;. 

■AMERICAN ^ENGLI^k LANGUAGE. This 
is the variety ()[ Englisli spoken and \ eitten in 
the United States, sometimes less correctly 
called tht American language. To a great 
extent cSucated American English does not on 
the ^hole differ from the standard English of 
all the couif tries in which it is the natural lan- 
guage. Tn all serious and cultured speech and 
writin*g there is very little by w'hich the two can 
be distinguished, although there art* American 


expressions which come as naturalK to thi* 
American as Scottish expressions to the Scot. 

During the [leriod of more than three cen- 
turies, howe\T‘r, in which Amerjcan Ihiglish luTs 
been growing u]>, many new words, o»j new 
meanings to w'ords, haVe been added* which 
make the languages distinct frohi each other. 
'Ehe extent to Avhieh thc'se make ihc'ir ap})ear- 
anee varies according to the subject which is 
1 ing talked oi written about, c^r to the style 
w 'll is natural to the sj^eaker or writer. I’hey 
ma.nly belong to one of Iw'o classes: firstly, 
ordinary English w’ords w hich ha\c* h id a new 
meaning gi\en to them, or are used to foi ri new 
compounds or new phrasers, oi' which are rarely 
used in Faiglish, but have by now become more 
common in America; and scK'ondh', words 
\\].:ch the English-speajcing sc*ttlers in America 
have adopted from othc‘r languages w ilh which 
they came in contact. Besides words from the 
various languages of the native Indian tribes, 
these ’ dude words fr om Dutch and Cierrnan, 
and still ^rnorc from French and .Spanish, 
adopted JVom other settlers speaking these lan«- 
guages. The date at ^^hich any one of' these 
words was adopted, or came into ifte, has a close 
connexion wath the history of the country and of 
the English-speaking settlers, especially as they 
moved westw^ards across the Continent. A few 
Examples will show the effect of both these 
sources of new wofd^on the language as it now is. 
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Although a great many words have been 
adopted from other langu^es, comparatively 
few arc used commonly enough to be ^familiar 
to any but^ Americans. The Indian languages, 
hO»A,ever, have supplied such words as ‘squaw', 
‘wigwam', ‘wampum’, ‘moccasin’, ‘tomahawk', 
‘pemmican’* ‘hickory’, ‘pecan’ (nut), ‘hominy’, 
‘opossum’, ‘raccoon’ (also shortened to ‘coon’), 
and ‘skunk’. Indian customs arc also recorded 
in such phrases as ‘to walk in Indian file’, ‘to go 
on the war-path’, and ‘to bury the hatchet*. 
French has contributed ‘prairie’, ‘portage’, 
‘chute’, ‘levee’, ‘shanty’, ‘cache’. From Spanish 
have come ‘ranch’, ‘corral’ (])en for horses or 
cattlel, ‘lariat’ (rope for picketing horses) iasso’, 
‘r(>deo\ ‘canyon’, ‘adobe’ (sun-dried brick), ‘som- 
brero’ (In oad-brimmed felt hat) , and others w hich 
are mainly used in connexion with the Western 
State\s, and frequently occ ur in short stories nr 
novels relating to thc‘se. The most important 
borrowings from Dutch are ‘boss', a master 01 
employer (whence also the verb ‘to boss'), ‘sleigh', 
‘spook', and ‘stoop’ (a hcjuse-porch). The 
American use of’ the words ‘dumb’ and ‘fresh’ is 
much nearer to the German duimn and frisch 
dian to the English use. 

Jt ffs not lioni outside, howc'ver, but from 
within, that Americai^i I'aiglish has made the 
greatest additions to its special words and their 
uses. This has been done in various ways. From 
quite early dates there arc such changes in 
meaning as ‘corn’ (English: cereal plants, espe- 
cially oats; American: mai/e), ‘creek’ (English; 
inlet on sea-coast; American: stream). Other 
w'ords with a special American meaning are 
‘bog’»for a hummock m a swamp, ‘lumber’ for 
timber, ‘hemlock' for a kind of spruce, ‘cedai’ 
applied to trees which are not cedars, and ‘robin’ 
to a red-breastad thrush. So numerous are these 
changes of meaning thaj they can ea.sily lead to 
misunderstandings on both sides of the Atlantic. 

Another extensive S(nircc of Americanisms is 
the formation of a great number of new com- 
pounds, as ‘back-woods’, ‘bee-line’, ‘salt-lick’, 
‘drug-store’, ‘freight-train’, ‘log-rollii^g’, ‘camp- 
meeting’, ‘gold-hunter’. In fact, there are over 
thirty such compounds formed from the one 
word ‘bear’ ^as ‘bear-bacon’, ‘-dance’, ‘-grass’, 
&c.) and no less than seventy-five from ‘buffalo’. 
The word ‘buffalo’ is used in America for ‘bi.son’, 
w'hereas in English it means another .species of 
ox, not found at all in America. This wwd alsh 
illustrates one w ay in vnIucu ^'ords acquire new 


rfeaniggs — ‘buffalo' may be short for a ‘buffalo- 
robe’. Americans and Eni^lish often use different 
w^ords for the same thing, as ‘baggage’ fof lug- 
gage, ‘railroad’ for railway, ‘strev‘t-car’ fiir ti^im, 
‘automobile’ for motor-car, ^sLore’ for shop,. ‘side- 
walk’ for pavepWnt, ‘g^ims’ or ‘ni^ibers’ for 
overshoes. Some uses which are no^ American 
arc survivals from earlier English,' as ‘sick’ for ill ; 
to ‘guess’ for to suppose; ‘fall’ for autumn; ‘dry 
goods’ for textile w^arcs. ^'l’li/‘se, however, arc 
more common in the dialects. ^ • * 

During the past century and a li^df' ii# great 
many colloquial and slang 'Words ha-f'e l:)t'en 
added to American English, and some of these 
w^ords have come into general u.se even outside 
the LTnited Slates, such as ‘bliz/aid’, ‘bot^us’, 
‘bunkum’, ‘crank’, ‘.scalawag’, and ‘O.K.' {s(d 
Si Axe.). In some points tliei e are cflso diflei enc ('s 
in spelling and promineiation bclw een Amerieaii 
and English usage, siieh cl's the spelling ol ‘eoloi ' 
for roloui ; hut these an* of slight iinpoi lanet" in 
rom])arison with the niimliei ol'rcw woids and 
phrases which gi\c‘ Amciic <in English its clis- 
tinrti\'(‘ cliarac tei . 

See also r.Nca oil so; . 

See also \’()1. I: Ami kk \ns. 

AMERICAN INDIAN LANGUAGES. At Ic a^ t 

2,000 dilfc'ient langu.iges an* spoken hvr the 
Amerk:an In'diws ((pv. \’o'. Ij, the original 
.inhabitants of North and South Anieiica, of 
w'hom thfre arc* about i ",,000,000 in ail. I h(‘s(‘ 
languages arc vc*ry diflcnent lioni (mc li olhi i : it 
is possible to j)ick a pair which diffe r liom c-ac h 
other as much as English doc^s fioin Ghinc*sc-, 
and there are no t eliararteristies whic h are 
shared by all or even most Indian language's. 
Sbme art! diflicult for a I'iuiopean to l(*ain, lie- 
c'ause of their dilfercnce from nor,rnal European 
languages, anti of the great complexity ^of many 
of the words whj^h are built up by adding 
suffixes (additions) to a shorter word. In 
Oqeida, for instance, a^ laiiguagc belonging to 
the Iroquois family (North Amt;rica'j, the one 
word gnagla.slizoks means ‘I ai,n looking for a 
village’, being rnacjle up as follows: g —I, nngla 
to live, si — abstract suffix like ‘ness’ of Eng^lish 
‘goodness’, i — suffix denoting that someone is 
taking action, c«A: — to look for, and s an ending 
showing that the action is continuohs, that is to 
say, thet one is going cm looking. 

American Indian languages can he divided 
into 123 ‘familie*s’ of related languages. All the 



lanpuapjrs in one ‘family’ wrrc once ihe sanfb 
language, just as French, Spanish, and,ttalian 
\vere*once I^atin {.see LANca AOF., History oFj ; 
l)ut.so far no relationship has been discovered 
between one family language's and another. 
The fami|ies vary a. great );Jf^l in si/.e -the 
Carjl) fainiVy of South America, for instance, 
contains fifty hmgnages, whereas K()e)tenay, a 
language spoken in British Clohimbia, is the only 
member of one fapil^, and is tllns unrelated to 
any k1ifc)wn language. Many Indian languages 
have died gut since the eoniing of'thr lhiro[)eans 
to Anu^ica. In South Amerle.i it Is probable 
that further S(*j)arate language's will yet be dis- 
(T)\ creel. 

u Ne)Rrir AiMFRieiA. 1 'he-re aie at least ten 
i!mpe)i’tanl familie*s^)f langu<ig('s e'ae'h ^\Ith?^ub- 
faniilies arising out of it. Among the best-know'n 
are the' Alge»ne|uin, the* lioe|ue»is, the* Ulo-Azte*k, 
and thc\ J'Akiino language's Man) Faiglish 
anei Amei^iean words have bee-u bonowe'd Ironi 
ihe' Algonejuini gi ouj), among the'in ‘mejceasin’ 
[rn<)( ndsni), *m<)e)se’ [inoos}., 'mugwump’ (into*- 
'big. e hie'f’ j, '])e)w-pe)w’ ( /foinrair), ‘skunk' 
(seiiaiikiv)^ '>^(\\\A\\' isquait's), ‘lobagg^.m* Unhakwi'^. 
‘te)malia\\ k' {ton^iu’hiih , and ‘\v()ofle hue k' 
zfz/r/zez/. , with the* first part eea'rupted to'wood''. 
I'iie' liexjuois lamiK' inelydes many langu.ige's, 
amoyg llu'in MohaA\k and (^a'loke'c. A me'rn- 
be'i e>f the Fto-. \/i e'k iamiU is A/tek, the- lan- 
guage- ol' lh(' A/iia.s i(|.\. \’ol 1 >T still spoke-n 
ove'i a large' jiail of Mexii'o. Fskimo <is h])oken 
along llie Aie lie roast, in the' Aleuli.a. Islanefs, 
in the- e-xtienie- noilh-e*ast ol Sibe'ria, anel in 
(Irt'enland. d’here- is a remside-rable niocle'ru 
liteTature in Che'enlandir I'^skimoi s, \"ol. Ii. 

2. Cli'.NiRAi, AMi'.uie.A. Ma)<i is the’ m<'*t im- 
peirtant family of language's of those whieli aPe 
purely Clentra] American. Its languages aie 
spoken (wvei. a large* area in Mexkc), in British 
lleindura'?, anel parts e)f the' Republics of (iuale- 
mala and Heinduras. Ma) a is the einly Ameu iran 
Indian lauguage* \\itK <in anfie'iit alphabet ^we 
ATaVa (liNfTi I/. vi'ie)N, \'e)l. I). 
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liotUridn I thiiii 


i<R<wt lid e'onrx \erNno/\, TGiii-ey^NinRY nu-xican 

I'K mi.RATMllC MANUSeaiM*! 

( lliini:iI|)opii( a, KirigofM^ xico { r.| i 7-1 j J7), issrafe-cl. Tfu’ 
\r.iisi)l Ills 1 oii^n .ire shown by ihr- sfjuairs on thr Icfl. On 
ilu infill .'in- two ‘owns lu- e on()Hf'n*(l, IVejinxqihae iiiid 
' ' il( o. (!hal( o ri l)» llrd, kiilini]; (w r Ntcxii'an .ind dainan- 
oiiT ranot s. J li»‘ rxpl.in.'ition is i»i\ <ti in ( nntcmpoi ar\ 
Spanish liandwi ilniL; 

!i ibutarie's. In I’aiaguay, (hiaranl is the c)e)mi- 
nant l.inguage 1 though Spanish is the eiflieial 
eine'j, and it alre.idy has a considerable* modern 
literature, d he re* are many either damilie'S which 
.er large' are as of Se)uth Ameiaea, of which 
Qiiie'hiia is e)f j^i.irtieular inte'rcst, for it was the 
language' of the' I\e*./\s fej.v. Veil. I), and is still 
.spoken in meist eif IVrti and parts e)f the Argen- 
tine. 


3. Seir rir Amfru’-A. Here again ihe'i are very 
many familie*s eif languages, iimemg the Jargt'sl 
being the' Arawtiit, the Carih, the Chiheha, 
anef the 'Tlipi-Ciuaraiu faniilie*s. d he numerous 
langiytges. of •this la*t family seem to have 
spi'ead froimthe are'a ht'twe'e'n tlx' Parana and 
the Paraguay, up die eoasl ed Brazil as far as 
the mouth of the Amazon, up the river almost 
te) its source, and up many eil iP? southern 


There a^e' many laiglish weirds derived from 
South Amei’iean Indian weirds, theiiigh usiialK' 
thi'y have eeimc tei us througli Syianish or Portu- 
gne'se: arnemg llu'se are ‘eeicoa' (Spanish cacao ^ 
A/tee caca-uatl ‘eae'a-trt'e’), ‘hurricane’ (Carib 
huracan)^ ‘jaguar’ (Tupi-Cuai'ani rez.ifz/eire/), ‘teima- 
to' Sjianish and Pe^rtuguese* Inmate, Aztec tomatl), 
*.Sre* also L\Ne;vAr,F Sirhchiri-. 

Srr also \*o1 I - AmFriT an K’oixns. 
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AMERICAN TRAILS. The word ‘trail’ is 
generally used^in the United States to refer to 
the routes, particularly across the wejjtern part 
of America, that were used by traders and 
A-Ulers in die early days of pioneering and 
development. 'T'he expression 'to lilaze a trail’ 
means to 'make a path through uncharted 
country. Usually the trails were marked out by 
explorers who sought the safest passages through* 
the unknown and often diflicult territory of 
^ north-west America. They were Ibllowed by 
'tinders who went out to these undeveloped 
regio:is to trade with Indian trihes, usually for 
furs. They established trading posts along the 
trails, which sometimes grew to be cei ties of 
sc^ttlcment and, later, towns. The earliest trails 
along the Pacific C'oast were particularly trade- 
routes established by Spaniards, and of these 
the Old Spanish I'rail was the most important. 

In the 19th century, when settlers began to 
cross the country from the east to seek new 
homes in the west, they followed tlie established 
trade-routes because they w ere likely to be safer 
and to lead to possible fording places of rivers 
and pa.ssages across mountain ranges or deserts. 
The Santa Fe Trail was one ol” the two main 
routes used by emigrants. It ran from the town 
of In'depcndcnce, MLsouri, through 'IVxas to 
Santa Fe in fiie present State of Nc\\ Mexico. 

It was opened in 1829 as an oIlKual tiading- 
route, and over it passed thousands of settlers 
seeking land in the west. It was a dangerous 
route, passing through wide stretches of semi- 
desert country where there was uncertain water 
supply, and through the territory of such hostile 
Indian tribes as the Cheyenne, the Comanche, 


and ihe Arapahcl. The use of an established 
route made the emigra.nt wagon trains more 
vulnerable to ambush, but insured- against tht' 
greater dangers of being lost in a nearlv vvater- 
less wilderness. 

The Oregon^Trail became in timet even more 
important than the Santa Fe route as anVmi- 
grant passage. It ran for 2,000 miles from 
Independence, passing over the Rocky Moun- 
tains and near the Gr^at 'Salt Lake, ^to the 
Columbia River and the Pacific coysl.'ln 184^5 
a tremendous emigration began I'l^in^ Iasi to 
west; then, following the discovery ol golcl in 
California hi 1848, many thousands more 
went along the Oregon Trail to the (heat Salt 
Lake and then over a new rojiite sou th- west v\^lrds 
to flic California coast and San Francisco. 

The trip was at best dilTicult and arduous, as 
a covered wagon pulled b) oxen iravi'lled at 
a speed of about 2 miles an hour in go(;d weathei . 
The emigrants usually made u]) large parties 
of eighty, a hundred, or more 'persons for the 
sake of safety, and travelled armi'cl against 
Indian attack. Parties were fretjucnll) accom- 
panied by professional guides or Indian scouts, 
who were familiar w-itli the dangers of tin* 
country and the hostile tribes. They usuallv 
elected one of their number as a leader, whh 
powers like those of a general in a mibtary 
organization. At night the ‘wagon trains were 
'formpd into circles, in the centre* of which the 
women, Vliildren, and animals could be f)ro- 
teeted; and the camps were patrolled by 
sentries. 

In the latter part of the 19th century after tlu* 
Civil War, tlie Chii/aolm Trail ])ecame of great 
commercial importance. I’his 
trail ran ac ross 'Fexas, leading 
from the plains no the town ol 
Abilene, which was ih? railr^tracl 
terminus, connected by rail 
with the cattle markets in Kan- 
sas City. Over the' Cliish'olm 
'Frail thousands of cattle were 
driven yearly after the round- 
ups, and trips a.*ong the Chis- 
holm Trail became rhe.subject of 
many cowboy songs. The phrase 
‘going ( 5 own the 'Chisholm 
Trail’ came to mcaVi in cowboy 
slang, for some reason, tlir same 
thing as ‘going west’ or ‘crossing 
the divide’-rthat is, dying, 





• In the prcsciu day, the wotd ‘trail’ ha^romr 
to l)r used lor many modern motor road» in the 
Unites States, sometimes because the new roads 
t()llotv ,thc old*r routes. These include the 
ArrovUicad Trail, running frojn Salt Lake (!it> 
to Los AnRfles, the Black afltkWllow Trail. 
fromiYcllouStone Park to Chicago, the Susciue- 
hanna 'I’rail from BufTalo, New York, to 
Wa<;hingt(m D.C., and the Shenandoah and 
Skyline 1 rails, \v<hirh go through the Blue 
Ridge aflid ^moky hlountains in \’irginia and 
'renne»Bee,»and attract many tourists heeau.se 
of iHe great beauty of the scenery. 

Scr also 'I'radi, Rouils. 

amphibian aircraft, .sre Seaim ane. 

AMPHIBIOUll VEHICLES, which could be 
used on land or water, first canu- into use in 
the Second World War, when the British and 
yvuK'ricaii Ibm's iiuili them lor the invasion of 
eontinci'tal EuAipe. 'I’he airipliihian lesemhlcd 
a boat with squared ends which had been littcd 
with w labels. In the water a propeller and 
rudder ^^ere used. A liirin of ^^raP-box, known 
as a power transfer box, enabled iho en^dne to 
be applied either to the ^vheels or to tl • ])ro- 
Dealer. 

A ♦w'o-purposc vchick, not for use on land 
and water but on ifiil and road, Is described in 
Motor Tkansport; and amjihibiiin aircia^) are 
described in Seapi am*: 

APENNINE TUNNEL. The (heat Apennine 
railway tunnel in northern Italy, iii miles lonu, 
is the loni^est bore in the woi4d housing a double 
track in a sinpjle tunnel. Alter th(' Idisi W^ild 
War, the It.dian State Railways set out to build 
two" main-line# ‘throujL»h' routes, known as 
diretkssimff, one hom Rome to Naples and the 
other from Boloitna to Jdoo^iec. Both were 
designed to cut through all intervening obstacles, 
almcjst re^rdless of*e?g)ense, by a series 
tVmncls iintl vi#iducls. 'ihe Bologna ^'lorence 
through route (which ftuTiis part of tr. main 
line frrnn MiUn to Rome) dias to make its 
way^ through the ifiain chain of the Apennine 
Mountains. 'I’he old route climbed (»n gradients 
as steap as" i in 35, and with frequent bends, to 
a summit-le^el of 2,000 feet, so* that express 
trains tpok 2J hours ro cover the 82 miles liom 
Bologna to Florence. The new through route 
not only smoothcidjout the curves, l?ut cut the 
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distance to ( 3 o miles, w'itli i in 83 as tlu* steejrest 
gradient in the open' and i in in a tunnel. 
As a lesplt, tin*, li inner jour ney of *2} hour s 
eould be done in 70 to 78 minutes “by heavy 
express, trains, t*h'ctrically opui^iti'd, wHlI* 
stream-lined electric expresses reduced th(‘ lime 
to 32 minutes. 

"J'he rngineciing of (he rou((* involvc'd’ the 
boi ing ol 31 tumu'ls, ^\ith a total l<Migth ol 22.^ 
miles, including the .pi-mile Monte Adone 
tunnel, and, above .dl, the (heat Apennine 
tunnel. A remmkabli* Icature of this tunnel is 
the enlarged s'^iacc* in *the centre, big enough to 
accommodate two sidings as well as the main 
line, tcjgc'thcr v\ith a cross-over road and :i 
signal-box, decjj in the hem I of the* mountain. 
'I’his central hall is fjfyi feel long, 36 feet wide, 
and 29! feet high; from it two single-line 
tunnels, in addition to the main tunnel, have 
bc*en bored tej take the siding-tracks, each 1,470 
feet long. This Ijreaks up v\liat would otherwise 
be a very long sigmilling section. 

Jo assist in the work of boring, which was 
begun as usual IVom (lie two ends, tw'o diagonal 
shahs wc'rc driven, and th(*s(‘ are now’ used for 
vi'iitilating purposes. During construction tljc‘ 
two worst (MKMiiics were wate r and natural.Ck\s 
(q.v. Vol. 111 ). At certain places the l.rUei, 
largely marsh gas or hredamp (n^cthanc), w'as 
abundant enough to be both poisonous and in- 
flammable. At one point it c ansc'd an explosion 
ane' a lire w’hic h held up the work Ihr 7 months, 
as . lire* could be subdued only by flooding the 
weir, nigs. As U) \vatei , in a little less than 3 
years 4 , 713 '’^^^^' gallons v e're pumpc*d from the* 
wen kings. Tire tunnel was complele^d In i )34, 
and cost /.f), i ()(),o()o. 

Sue als(» 1 1'NM I s. 

Sre also \ol. Ill 1 1 VI Y. 

APPIAN WAY. riiis rc:)acl, linking ancient 
Rome with .southern Italy, was the most famous 
Roman highway for many centuiic's. Along it 
passed ^ ’mic*s, envoys, niissic^narics, and pil- 
grims. St. Haul used it to tr avel to Rome, wher e 
he wrote some of his Epistles. 

I’hc Appian Way gained its name from a 
Roman oflicial, Appius Claudius, \Vho ordered 
the road to be begun in 312 b.g. It reached at 
first as far as Capua, 132 miles away, but was 
later extended to the towm w'hich is now calked 
Brindisi, 366 miles from Rome. Remains of the 
old road can be seen iti many places to day, and 
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show th( soundness ol loid bulldnl^ uliich has 
lasted moic than 2 ooo ns Hdc ind th<i( 
aie fragments of old tombs the Romans buiud 
thtii clcad uutsid( (iti<?s and often !>% the sid( of 
a highwav, f(5i tin. fust few miks fioin aiRunt 
Rome tlidc wtie t<)mf)s on both sides of this 
toad 

\ modem load of the s mu n irne urns ilong 
side ihc old \{)j)ian \\a\ 

SfcRosns Romw Ronds 

ARABIC LANGUAGE. \i ibu is du most 
impoitant h\ ini> 1 1 picsdit iti\ < of tin J nnil\ of 
Semitic I \\(.l \c es f(j \ j It Nsas sjn< ad In the 
conejuests of \uabs in the 7th rentinv ind 

the latci migiatieji s eiMiLDOt in 01 waneleiin^ 
Aiab tubes (epi v \ ol I anel is spoken tend u 
by the pteipks of Iiaep Syria, \iabia Lgy pt 
mcjst e)f ne)ith Aliiea and the iiejithein Sudan 
Althemgh all Aiabu-spe aking pee>pks ue no\« 
called Arabs, they include man\ nylhons who 
rflescend fiom distinct laccs, such as the Copts 
m Egypt and the Beibeis in north-west Aliica 

While each country and eiftcn each distiict 
has Its own spoken dialect of Aiabie, so that it 
IS scOTCtimcs difTic uh foi Aiabs of diffcicnt 
countries to undeistand one anothci, ihcie is 
one common written language, which is identi- 
cal in alia, countries from ^6rocco to Bagdad 
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Arabic was also the chief medium eif scientific 
and philosophical thougit loi some ‘ceni^iies, 
as the m iny traces it has left in the«'anguagcs ol 
Euiope showr, especnilly in chemical and astro- 
nomical Urms such as ‘alcohol’, ‘chxii , ‘azi- 
muth’, ‘nadir’ One of the mapi interests of the 


Af ahs tliriiisclves was in poctvy and the sli.idy o) 
their own languaL^e, with the result that e\iissiral 
Arabic never, broke down into separate w'ritten 
languages, as th»< Latin of western Europe broke 
down, into Spanish, ’I'rcnch, and Italian (.ur 
Romanol Eancutages), . K 
‘ \\ii'iltcn Arabic to-day is based on classical 
Arabic, which has be(‘n moderni/(‘d in vocabu- 
lary and siinplilicd to some extent in style. It 
is written in a traclitional script, ’a very decora- 
tive euhiive or running hand (irr Hand writing), 
but th; Aial)ir alphabet allows only *(;onsonants 
and* lonj V(nvels to be represi'iited. It is thus 
a kind oF notation, like shoithand, in which 
for example, stands for katabil, ‘they 
\\io>« \ *iiid fU'h for klidh, lK)ok\ In order to 
fead this sciijit coriectK, the reader needs* to 
])ossess a veiy thorough knowledge of the gram- 
mar and constriK tioii of the written language, 
loi these .often differ greatly from those of die 
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PAGE FROM llIK ‘mAQAMAI’ OF AL-HARTrI, AN AR VbIG MANU- 
• SCRIP I WP iJ-N IN BAGDAD IN 1 337 

The ‘Maciamat’ are srenes Troin the life of a witty bcg|i(ar 
who impose^ op the credulity ol' others 


ARK ROYAL 
spoken dialects. The wdiole of Arabic J^rarnmar • 
is, however, constrtfeted on a regular system, 
each word having a ‘root’ of thiee consonants 
(as ktb ‘write’) \vhich is altered b)' including long 
or short vowels, or .making small additj^^lfr" 
(prefixes and suffixes) before and after the Qvord, 
to show' its form and function in thV sentence’ 
Learning to lead, consecpienlly, is not as rlifli- 
’cult as it might seem. 

Sco also L^N(.i \(.i. SiRUcicRE. 

Sre also \ ol. 1: Ar \ns, .. 

ARAMAIC LANGUAGE, IlraRLW Lan- 

CitlAGE. 

ARK ROYAL. 'I’his galleon was built at 
D(‘ptford in 15H7 for Sii Walter Raleigh. She 
was bought into the Ko\al Navy the next >ear, 
and at the defeat of the Spanish Armada in 
15^8 she was the flagship of Lord Howard (T 
Fillrnghaiir, Lord Admiral of Errgland. The Atk 
Royals ov Ark Ralrij^h as she w'as .soinetiiiK's called, 
was 100 feet long oir the keel and her beam was 
37 feet. Her arinainent was lour demi-c.irrrron, 
four cairnorr peniers, twelve eulv(*rms, twelve 
dcmi-eulverirrs, si.\ sakers, two I'owlers, lour 
poit pieces: fowlers lUid poitpieces were* small* 
guns sigrrificantlv known as ‘imrr dci'ciV [\i’r 
Nava I (li ns, \\)1. X). 

l.ord llowaicrs ffe<‘t, which consisted of the 
best of the Orreen's ships, r (htrfirr ced by some 
aimed merr'h.ml ships, lay in wait at ITynrnuth 
for the arrival oi the Tnvinciirle Arm.rda', 
V,' eh all Europe knew' was sailing from Spain 
le the invasion of laigland. On ip July the 
Spanish fleet ol 120 ships was sighted. Fighting 
started iwt) da)s later, the l^nglisli shy:)s pur- 
suing and attacking the Ariiiada as it continued 
its advance up the Clhamiel. In lire course ol 
the action on 23 Jul\, of! the lsle«uf Wight, the 
Ark' Royal and others ol tht' British .leet were 
towed by their boats witliiii range of the centre 
oftlif' Spanish fleet, and a fierce ac tion followed. 
The Spanish galleons approaciied, under oars, 
thinkin the Farglrsh ships lay at thc*ir hierey. 
But the breeze rose again, and the action be- 
ranie gener al. On the night of the lTIiIi Hcwvai d* 
sent eight fiir-sliips into the midst of the Spanish 
fleet anchc^red in Calais roads, and*thesc threw 
the enemy into confusion. Next day the decisive 
battle of ravelines was fought, and the Armada 
scattered. 

'’The name Ark Royal was revived by the 
Admiralty in 1914 Ibi^ a seaplane carrier, which 
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This difficulty has been got 
over by what is called articula- 
tion. The principal British arti- 
culated design is the Bcyer- 
Carratt, oIT which many exam- 
ples have been exp(?rted to all 
parts of the world, dn a Garratt 
locomotive a boiler of large 
diameter is carried on a massive 
girder frame between two 
steam-driven chass^, on\^hic}i 
it rests by means of ynvots^ Each 
chassis, like, a bogie ?)f Urge 
size {see Lot:oMoiivE, Steam) 
is free, within limits, to rotate, 
so that the Jengthy locomotive 
can adjust itself easily to the 
curves. Thus, an articulated 
•locomotive, with its cylinders 
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Engtcivini^ hv Clornelis Visschci, i6ii) 58 

\vas renamed the Pegasus when the third Ark 
Royal, an airciaft (airier of 22,000 tons displace- 
ment was laid down b\ CUnmicll Laird & Go., 
jthc Birkenhead shipbuildcis, in Ehis is 

the ship which Dr. Gocbbels, the Na/i Miiiister 
of Propaganda, claim^'d to have sunk so often. 
The Ark Roya^ hunted the German GraJ Spee in 
1930, and helped to trap the Bismarck in 1941. 
On 13 November 19^1, when she was operating 
with Force 11 . in the Medito i anean, the Ark 
Royal was torpedoed in sight of (Gibraltar and 
had to be abandoned. Of her shij)’s company of 
1,541 men, only one life wa.. lost. I he Adniiialty 
has since used the name for vet another ship. 

See also Smi int. .Ships. 

Sre aKn \ ol. \ Bmiiiship. 

ARMOUREB TRAIN, see I'rains, Si*e(ial 
Uses. 

ARTICULATED LOCOMOTIVES AND 
RAIL COACHES. I'he designing of loccmio- 
livcs tf) draw grcatei loads is limited oy the 
‘loading gauge’, that is, the in^isurements 
•w'hieh set strict limits in height and width, if the 
locomotive is to clear tunnels, bridges, line- 
side structures, and adjoining tracks. I'he only 
further enlargement possible in locomotives is, 
therefore, in length. But in making locomotives 
longer, careful attention must be paid to their 
flexibility, or they may not be able to negotiate 
die curve* in the track. 


and driving w^heels . at both 
ends, is like two engines in ^ne, 
supplied with steam from a siifglc boiler and 
manned by a single crew. 

A special advantage of articulation is that it 
enables the v>^*ight of a very ])owei hil locomotive 
to be spread ovei a good Ic^iglh ot‘ track Foi 
this reason articulated engines have found gieau 
favour in those railways of the Gommonwc ailli 
on w'hi('h tracks and bridges are of relaaiveb 
light construction, but on which inn eased powei 
is needed. J^lany varieties have been built, up 
to and iftcluding the remaikable 4 b 2 | 2-() j., 
y-fl-2 1284, and 464141^ \ types {see 
Loc'omoi IVES, Ci.asses ani> Usi s). In the last 
type mentioned the articulation is divided into 
six parts, as each ^ b 4 chassis has its own 
pivoted bogies fore and aft. The only Biilish 
articulated locomotives are 33 (hirratts 2 b o • 
o-b 2’s used on the London \J id land Region 
and a big ^ 8 o 4 -o 8 2 built by* the •late 
L.N.E.R. for backing duty up a sl^ep iiu line 
near Barnsley, Yorks., and has also been used 
at^Brom.sgrove, L^l.R^ fBr sirnllai work up the 
hunous Lickey incline. 

In the United States articulation is very 
popular and hassled to immense locomotives. 
The principle generally in use is the- Jvlallet, in 
which the rear chassis is a fixed part bf the main 
frame carrying the boilcs, and cmly Ihe leading 
ch;issis is pivcKed. The larger Ameflcan loading- 
gauge makes it possible to mount th^ boiler 
above both chassis, instead of between them; 
as in the* British Garratt ^types. The largest 
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American Mallets are the so-calted Big Bov 
class on the UiiicMi Pacific Railioad, which 
Wave the 4 8-0 -ho- 8 4 wheel arrangement. 
Wkh their 14-wheel tendcfB they weigh 534 tons 
apiec«. 

The principle articulation has also been 
applied to railway coaches, by mounting the 
ends ut two adjac ent coaches on a he;tvy steel 
casting under which a single bogie i ^ woted. 
Thus two coaches are carried on three bogies 
instead of four, three coaches on four bogies 
instead of six, and so on, w^n econoar; in both 
length and weight. The disadvantage is that 
these articulated sets cannot be broken up of 
marshalled in .any other order, in 01 dinary 
working. •In- Great Britain, the EaStein Region, 
in whose ^rea the idea wes originated by the 
former (heat Northern Railway, has been the 
most extensive user*of_ artiCulated passentrer 
slock. 

ARYAN LANdUAGE, see^ iNDO-LUROt'EAN 
LANGUACi^fi. See al^ Aryan, Vol. I. 

ASTROLABE, see Vol. Ill: Astrc^nomy. 

ATHODYDT AiRCRAtT ENf.iNfes, Section 5. 

ATLANTIC ENGINE, see Locomotives, 
Glasses and Usejs, Section 2. 
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ATLAS, sfe Mai'S. 

ATMOSPHERICS, see ClIMM’E AM) CIOM- 
MUNiCATiONS, Section 5; S.^oRi -w.-vvl Wirli kss. 

AUTOGIRO, see Rotorcraft, Section 2. 

AUTOMATIC SIGNALLING, RAILWAY. 

\y Te many tra'ns ffillow one another closely 
on .lie line, completely automatic signalling is 
used, in order to pi event accidents without 
renting delay. The duties of the signalman, as 
de.scribed in Signalling (Railway), arc taken 
over by self-acting apparatus. 

This is the universal practice c|fi the London 
tubes, where at ‘rush hours’ trains pass over 
ceitain routes with a frequency of foity to the 
hour. Automatic signalling can be cithci all- 
clcctric, or electro-pneumatic (a fact made 
apparert to any traveller in the leading* coach 
of a tune ^rain who hears the ‘hiss* of eacli 
pneumatically operated signal returning to 
‘danger’ as his coach passes it). The principle is 
an extended version of ‘lock-and- block’ signal- 
ling and of track circuiting worked in conjunc- 
tion [see. Signalling (Railway) and Electric 
Signalling, Section 2). By suitable track cir- 
ociits, each train, as it passes a stop signal, puts 
it to ‘danger*. Theii, after getting suffi'^ieritly far 
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a. Diagram of engine showing the electric ramp between 
the I ails, the ‘shoe’ beneath the engine with which il 
makes contact, and the siren in driver’s cab 
h. Detail ol the siren in drher’s cab. (i) ‘All clear’ bell; 
(2) ‘Caution’ siren; (3) lever to stop siicn after ‘caution’ 
.signal. 

i 

ahead of that signal to provide an adequate 
clcarswicc lor all its ( j^aches, the train operates 
a second trat^k circuit. This circuit returns to 
‘deal’ the signal in the rear of the train. 

All-electric automatic signalling is used on 
various suiface lines round London on which 
electric trains run, and on other densely operated 
stretches of line in various parts of Britain. In 
many of these installations, four-aspect signal- 
ling (four coloured lights) has replaced the pre- 
vious tlfree-aspect ; a red light compels a stop, a 
single yellow light shows that one section ahead 
is deal , two yellow lights that two sections ahead 
are clear, and* green that three sections or more 
are dear. Drivers art able to control their 
speed exactly, according to the track-conditions 
ahead. Thus traffic is speeded up, on the prin- 
ciple that the first aim ol signalling, beyond safe 
operation, is to keep the traffic moving. 

On automatically signalled lines Vith dense 
traffic, the overrunning of signals by drivers 
must be guavded against. With electric working 
this is a relatively simple matter. At the side 
of the line, trip-levers are installed, working in 
conjunction with the signals. When the signal 
concerned is at ‘dear’ or ‘caution’, the trip-levy 


cfalls out of action:, when the signal is at ‘danger.’, 
the tfjp-lever, in the vertical position, intercepts 
a corresponding lever at the side of the driving-, 
coach of the train, cutting off the current sypply 
to the motors and applying the brakes.^ This 
.system is foo^^of; the only two collisions 
which have e^r occurred on London tubc^lines 
so equipped were the result* of completely 
irregular action by the staff (in one case r the 
crossing of electric connexions to a signal by a 
signal linesman). 

The former Great Western Rail\?'ay installed 
on all its main linc^ a system of audible ^gnalling 
in the engine-driver’s cab, which with steam 
trains performs in part the function of the trip- 
levers. Immediately in the rear of each ‘distant’ 
signal an electric ramp is* fixed between th^ 
running rails, with which a ‘shoe’ on tlie undei - 
side of the locomotive makes contact. When the 
‘distant’ is at ‘caution’, the ramp is not electri- 
cally charged, and the contact of th^ shoe with 
it causes a loud horn to .sound in the diivcr’s cab, 
while a partial applic ation of the brake is made. 
If the ‘distant’ is at ‘dear', however, an electric 
current passfs through the ramp; as a result, 
the shoe contact causes a small bell to liiig in 
the cab instead, without any effect on fhc 
brakes. This systerq is partic ularly valua^)fe 
when visibility is poor, as in fog {^ee Diagr^ml. 

In the United States consi^eiable use is made 
on important main lines of an dectrie signalling 
.systcln which gives continuous signal light indi- 
cjitions — green, yellow, and red — on a panel 
immediately in front of the driver of each loco- 
motive. This system is based on indiution (\rr 
Induction, Eleciric, Vol. VIll), by means 
of which a current Running through a wire at 
side of the line affects a circuit in the loco- 
motive passing. In the event of a signal being 
at ‘danger’, the brakes are applieci autcvnaliqally 
to bring the train to a stop, unless ^he drivei 
anticipates the action by applying the brakes 
himself. A somewhat sinwlar systern has heen 
inftalled between Fenthurch Street. (London) 
and Southend-on-Sea by British* Raihvays. 

AVIATION: [1)’ History: F^ing, History 

of; Balloons; Airships. (2) Modern* Craff^. see 
Aeroplane ; Seaplane ; Glider > Rotorcjiaft ; 
Aircraft, Special uses. (3) Navigation: see 
Navigation, Air. (4) Passenger Flying: see Civil 
Aviation; Air-liner; Aircrew; AiRPoifr. 
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BALLOON. The model n balloon dates from 
1783, when two kinds of lightei-th'in-aii 
methods of flight were mtioduced almost at 
once lust came the hot-aii balloon, malflng 
use of the fact that hot air is lightei than cold 
A balloon went aloft, filled only with hot air, 
which was^ leplemshcd in flight fiom a bra 7 ier 
slung beneath it A few months later the fust 
balloon filled Vith hydiogcn lifted a daiing 
li ulIi 11 nan intc the ait (rrt 1 i ying, IIisioR^ 
of) Ihe gas balloon has bc( n in use ever since 
A passenger balloon consists of ^ thin fabric 
envelope with a m«.h inically operated valve at 
^he lop (n the ‘ciown ), an open neck at the 
base of tlu balloon, and •d net to support the 
baskfC, whuh caiiies tlu (tew The envelope 
IS hllcd with a gas whu h is so much lighter than 
the surround nig in that the whole balloon, its 
eciuipmcnt and its citw weigh less than the 
( oriesponding volume of air that th^' displace 
It therefore uses like a coik Oidinary air at 
not null pressure weighs 7b lo a 1,000 cubic feet 
at sea-level , coal gas about 36 lb , h uum (which 
IS vciy dear and laie) 10 lb , and hvdrogeri 
(cheaper but inflammable) only 3 lb • 

111 practice .the moderi sporting balloon, 
wln(?h m*!y be of any capacity between 10,000 
and 80,000 cubic feet, has pertain standard 
equ pment which seldom varies Ballast and 
valvt are the most ifnpprtan\ The ballas^ of 
sUnd shouFd b^ adjustecl just before the flight 
so that the baUoon is almost sta ' and in 
equilibrium Xl'cn some of the ballast is put 
out,^and xfie ground ciew let go The balloon 
uses, and the gas inside begins to expand as 
the alinospheic gets thinner Ihc gas escapes 
harmlessly otit of the open neck beneath, until 
the balloon is ag. n in equilibrium Then more 
ballast can be dropped, and the balloon will 
rise higher If lU necessary to come down to 
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a dcsiied altitude, the valve line is pitlled, the 
valve in the crown is opened, gas escapes 
through ^*c top of the envelope, and the balloon 
descends. Among olhei important equipment 
IS the iijjping-linc 01 up-coid, whijh is pan]<^ a 
i(d so that it shall not be pulled by mfstake 
for the valve line Ihe np-coid pulft open part 
of the envelope when the balloon is very near 
“the giound, and so empties it n^ a few seconds 
this prevents the basket and crew being dragged 
along the ground Ihe trail-iope, which is* 
seldom used now, was formerly allowed to diag 
over the countiy-side, pnoviding autornitic 
ballast The anchor, though not often used 
is meant to be thrown out to assist in lindnig 
An altimeter indicator lo show the height abo\,( 
sea-level and a compass aie always c an icd 
1 here is no way of stcciing a balloon unless 
the pilot IS a good meleoiologist, when he niav 
be abl(. to choose like 1\ heights loi \ living 
naUiial an -cm rents (see CtIIDLr) Ballooning is 
theiefoie used to-diy onlv as a sport and (111 
(he LTnited Stitcs) as a necessary piehniinaiy 
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In *935 *1**^ balloon reached a height of 13-7 miles, the 
highest man had ever been 

training for airship cref^s, whose craft becomes 
virtually a free balloon if the engines fail. 

Balloons are able to rise to great heights more 
easily than aeroplanes. In 1862 two Englishmen, 
Glaisher and Coxwell, rose several ^ilcs, v ^th- 
out oxygen for breathing and unprotected 
against cold, in an open basket balloon, and 
thus came unawares to the fringes of the strato- 
sphere {see Atmosphere, Vol. III). Their first 
hint of danger was when Glaisher fell uncon- 
scious. Coxwell, his hands numb, pulled the 
gas-release cord with his teeth before he, too, 
fainted. .As the balloon <fcll into warmer, 
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breathable air, they revived in time to land 
.safely^ In 1927 another attempt was made; but 
the balloonist, although provided with oxygen, 
died from cold. Since then, stratosphere bal- 
loons have had air-tight 'cars, kept at ground- 
level pressure, pointed partly black and partly 
white. The black portion, absorbing the sun’s 
rays, warms the structure, while the white 
reflects the rays and so the car grows cooler. 
The crew can allow the heat or cold, at will, to 
alter the temperature in the car. 

Successful stratosphere balloon rlights were 
first made by the Swiss professor, Auguste 
Piccard, in 1931 and 1932. The car used for his 
second ascent is now in the Science Museum 
at South Kensington. In 1934 Piccard’s , twin 
brother Jean and his wile, in crossing to 
America by balloon, just beat his recoid; 
Madame Jean Piccard was the first to reach the 
stratosphere. 

The world record for height is held- by 
Amciica. In 1934 the balloon I'.xplorer 1 lose 
more than bojf^oo feet (12 miles). On the way 
down its fabric began to split. The occupants 
could not jump into the rarefied air, so they 
went on working and speaking to the world by 
wireless. When they had desc ended to a s ile 
height, they took to their parachutes and made 
a safe landing. In 193*) Captain Stevens and 
Captain Anderson, in the Explorer //, set up 
the still unbroken record for human beings of 
72,395 feet (13*7 mile.s). They brought back 
much valuable data, including colour films of 
the sky-tints, infra-red photographs of the eartli 
below, records of atmospheric electricity, and 
information about cosmic rays. 

Crewless balloons are in constant use in 
meteorology for taking up instruments to high 
altitudes. The balloon ultimately bursts, ^ and 
the instruments come down b'/ parachute. In 
the Second World War the Japanese sent many 
crewless balloon^ over the Pacific, equipped 
with ingenious me''hanisTrs and explosives, in the 
hoJ>c that they would r^^ach the west (:oast o*f the 
United States. Some of them landed, but did 
no harm. 

See also Flying, History of, Section 2; Airships. 

BANKING ENGINE. This is a steam locomotive 
used for helping a heavy train up a hill. 'When 
gradients become steep, the cost of railway 
working is increased. Over steeply graded main 
lines, the simplest solution is electrical working; 
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with high voltage alternating cm rent (see 
Elfctric Railwayi)) single loconllitivcs up to 
6,000 h.p. have beefi built; and on the Gotthard 
Rifilway of Switzerland, with its long str^Hches 
of*i in 4» ' ladicnt, tlieie^aie iJ,ooc h.p. twin 
locouiolives in use which ran handle very sub- 
stantial loads cvcn«ovcr this Alpine route. But 
with steam locomotives such power is not 
possible, and uj) the steepest grades, urtless two 
engines aie in use throughout the run, help has 
to be provided, either on the front or the rear 
of the train. On the Western Region, for 
example, all the heavier Wq|5t of England trains 
need to be piloted between Newton Abbot and 
Plymouth, where there arc gradients betweeh 
I in "37 and i in«42 in steepness. Certain nomin- 
ally «ion -stop expresses, like the ('oTnish Riviera 
Limited, must stop specially ;jt Newton Abbot 
to attach the pilot engine in front of the main 
engnie. 

• At otbef places the assistant engine, then 
called a banker,, is attached to the ear of the 
train, as at Bro^sgrove, on th© Bristo, Birming- 
han^ line,, for the ascent of the i in 38 Lickey 
incline; or at Beattock, on the Carlislc-Glasgow 
main line, for climbinpfthc 10 miles to Beattock 
Summit. Af such places a fleet of banking 
engine^ is kept in steam constantly; after push- 
ing a train to V • summit, the banker drops 
quietly off the rear— without the train stopping 


for the purpose — and returns down the line to 
wait for the next turn of duty. In the United 
States, owing to the immense length of many’ 
freight trains, several ‘bankers’ may be used on 
a steep incline. One or* tw’o banking engines 
may be cut into different points aldng the length 
of the train, as well as attached to the real, to 
distribute the power more evenly along the load. 

^ANTU LANGUAGES, ice African Lan- 

TACES. 

BARGE. The term barge includes a great 
variety of vessels in use on canals, rivers, 
estuaries, and in coastal waters. The last include 
a few sailing vessels, often witU an auxiliary 
engine. The name is sometimes given to all 

aft carrying goods on a canal or river; but, 
strictly speaking, these are either ‘narrow boats’ 
of not more than 7 feet in the beam, or^barges, 
with beam about twice as great. 

TL^ naiyow' boat, or ‘monkey boat*, as it is 
often called, after Thomas Monk (1765-1 B43),* 
the inventor and first builder of the small canal 
cabin-boat, is possibly the commonest craft on 
inland waterways in England. This is because 
the Locks (q.v.) on the group of canals in 
the Midland counties between the four main 
estuaries of Mersey, Humber, Thames, aAd 
Severn can only pSss*a boat about 7 fed wide 
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BARGES AT DULL’S BRinGF, SOUTH AM,. MIDDLESEX 
Rargrs from all over the country come to Bull’s Bridge for repairs 


and 70 feet lont(, with an average loaded draught 
of about 3 ft. 6 in. These boats generally travel 
in pairs — the one, a motor-boat, propelled by 
an ib h.p. diesel-engine, and the other, a boat 
without an engine, known as a ‘dumb’ or 
‘butty’ - boat. The boats carry about 50 tons 
between them. 

I'hcse narrow boats are the traditional family 
boats that arp so often seen on the canals of the 
hiiglish Midlands, generally with the husband 
on the boat with the engine, the wife steering 
the butty, and the children on the cabin toji 
or playing in the hold when the boat is travelling 
empty'!' Both boats have cabins, and although 
the living-space is small, everything very . om- 
'•pact and within reach. The cabins arc painted 
in bright colours, with the name of the boat, the 
owner’s name, and the registered number on the 
outside, for since 1887 boats used as dwellings 
have to be registered. Inside the cabins, on the 
doors and cupboard panels, arc painted the 
roses and castles, without which the older caitsal 
familirs believe that the bo&t is sure to be un- 


lucky. I’hc boats, which are now owned by the 
Nationjil Docks and Inland Waterways Execu- 
tive, have ‘British Waterways’ on tlie outside of 
the cabins in blue and gold. 

Canal-boat families keep very much to them- 
selves and rarely iruirry outside their own group. 
They arc hard-working people, and, except for 
fheir liking for gaily decorated homes, not at all 
like the land Gypsies (c|.v. Vol I) with whom 
they are ofttn wrongly compared: I’hey 4 iave 
not been well-educated in the j)ast*; but now 
canal-boat children have to attend school for 
as^long as their boats ^refnain in oitc placid ; so 
that the children now growing ^up A'iU at least 
be able to read and write. In, one case an old 
barge has been filted up as a schpol. In physical 
fitness and well-being, both parents arvl children 
are above the average. 

In earlier years boats«were pulled byjhorscs 
or donkeys from the tow-paths whith ran beside 
the canals. When the barge came to a tuiyiel, the 
animal was led outside to the other end, and 
the boi^tmSn and his wife would ‘leg’ the liarge, 


thAt is, they would lie on thcii* backs and push » 
with their I'ect oh the tunnel sides. It is oply in 
fairly recent times that mechanized haulage has 
•been introduced, ^but there are still a few boats 
under jiVivatc ownership whi^h arc towed by 
horses or donkeys. These arc now poled 
tlirou|:h tunnels with a boat shaft' Horses arc 
4ised to puli bai»gcs of 14- to 16-foot beam for 
a shpi t way out ol ports, especially in London. 

On the Leeds and javerpool* Canal ‘short 
boats’, feet long and 14 ft. 3 i 1. wide, 
Ccirryno 4r^ fons on a draught of 3 ft.* 9 in., are 
operated^))’ boat fapnilies. Barges plying inland 
from th(‘ sea vary in size from estuary to estuary. 
'I'he River Weaver, which joins the Mersey, is 
used I mainly by coastal vessels. Fiom the 
Humb(T to Nottingham barges 82 feet long by 
14 ft. 8 in. wide, with a draught bf 5 feet, travel 
in trains of four, a poueied barge lowing three 
dumb barges. On tlie Severn single sclf-pro- 
pelh^l barg^s, 115 feet long by 21 ft. 9 in. wide, 
with a draught 9I 8 feet, carry oil and petrol as 
far as Worcester, l ugs may also tow a train of 
nairou boats on tins waterway. Barge tow'age 
by tug is common on the Thames/ and baiges 
120 feet long by 17 J'eet wade can reach as far as 
Px^)i d on a draught of 3 ft 9 in. All these barges 
anc! tugs a < worked liy meji, for who^ 1 sleeping 
aceonynodation is provided. On the Air'c and 
Cald(T Navigation p. special type of compart- 
ment-boat is used to cany coal to the port of 
Goole for shipment. Each compartmeiat is 20 
feet long by 1 5 lect wide, w'ith a draught of g feet. 


BARGE 

A train of nineteen is towed by one tupT’worked 
by four men, and as* each compartment-boat 
carries about 40 tons, the complete train carries 
over 700 {ons. Single vessels, 120 feet* long by 
1 7 ft. 6 in. wade, with a draught of 7 ft. 6 in., ah j- 
navigate this waterway from the Vlumbw to 
Leeds, and so do trains of oiclincft'y barges 
towed by tugs. 

* Inland navigation is on a much vaster scale 
on the Continent than in England, lire great 
rivers of Germany have been linked by a net- 
work of canals; in Holland, Belgium, anfl 
France also, barges or tugs, fitted w ith a die.sel- 
engine and towing a train of other barges, are 
commonly used. On some of the inland canals 
of France electiic engines running on a metre; 
gauge track laid along one bank provide the 
traction. When two engines meet, they ex- 
change tow ropes and run backwards. I'ractors 
on pneumatic tyres, wdth electric or internal- 
combustion engines, are also used. Barges on 
the German canals measure 213 or 262 feet long 
by 34 ft. 6 in. wide, with a draught of 8 feet. Those 
on French inland canals measure 1 28 feet long 
l)y 1 6 ft. 6 in. wide, w'ith a draught of G feet. All 
continental towing barges have quarters for the 
crew, and on the larger rivers pilots are carried. 

In the United States the standard ‘warrior 
barge’, which is 140 feet long by 25 feel wide, 
draugh 1 8 feet, is used on the great rivers. U .S. A. 
barges navigate in groups, the usual arrange- 
ment being seven barges and a pushei barge at 
.he roar, Hanked on either side by a ‘warrior 
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barge’ *as a protection. I hc pusher or tow-boat 
may be either screw or sicrn-wheel driven, and 
the power may be produced by a diesel or a 
diesel-crcctric engine. Passengers are sometimes 
carried. 

also t C anals; Canals, Bkifish; Rivlr Navigation. 

BASIC ENGLISH. Basic English is designed 
as an International Language (q.v.). UiililCe 
other such systems, its words and structure are 
all part of a living language. It is made up of 
650 normal English words; a selection under- 
taken with such care that anyone with a know- 
ledge of only those words may say whatever is 
necessary for everyday purposes. The senses 
^of 20,000 English words are coven d by the 
Basic 850. 

Basic was worked out in Cambridge by C. K. 
Ogden and a group of language experts. Their 
organization, formed in 1928 as the Orthological 
(Greek for the science of getting ‘right’ about 
words) Institute, has been responsible for its 
development. In their opinion international 
languages have made no headway because men 
will not take the trouble of learning one on the 
chance of meeting someone who has done the 
same. I’he argument for Basic is that because 
English is the langu?gc of North America and 
of the Britis^i Empire and because millions all 
over the earth have a little knowledge of English 
w'ords, most men and women w'ould quickly be 
able to make use of the 850 Basic words as a 
second language. Some might go on to wider 
English from Basic. 

In Basic, unnecessary^ changes in the forms 
and endings of words are cut out. It docs with- 
out 4,000 of the commonest names of acts 
(‘verbs’) by putting together the names of the 
twelve chief acts (such as ‘put’, ‘take’, ‘give’, ‘get’) 
and the twenty names of directions (such as ‘in’, 
‘out’, ‘over’, ‘througli^) or other words which 
may go with them. So ‘insert’ becomes ‘put in’, 
and when wt ‘disembark’ in Basic we ‘get off 
a ship/. In addition to the 850 w'ords, there are 
fifty special words whic h are used ^n most lan- 
» guages, such as ‘hotel’ and ‘sport’. 

The supporters of Basic see in it a language 
which will be simple for learners in all countries, 
and which will be clear wherever wider English 
is used. But to some learners from the Far 
East, such as China, some English sounds, such as 
are hard to make and have to be given speoial 
<ittenf ion ; those who maike use of picturc- 


writJng Writing, History of) will have 
trouble with the ABC, and in some countries 
where there is no love of the British ancT Ameri- 
cans, there may be a feeling ,against the -use of 
English. In Erygland Mr. Winston Gburchill, 
when he was Esime Minister, gave bis support to 
Basic, and in 1946 the Government mad^ a de- 
cision to give help for the development of Basic.. 

Books in and about Basic have been printed 
in thirty countries, with learners’ books in more 
than fifteen languages. The complete Bjsic Bible 
came out* in 1949. Even the English a^-e some- 
times not conscious that they are reading Basic. 
'I’his account is itself all in Basic. 

Sec also International Languages. 

BASQUE LANGUAGE, wSpani.sh ani> PoR'rt - 
GUESE Languages. 

BATH ROAD. A road between London and 
Bath was first made by the Roman's, foi Acpiae 
Sulis, the Roman name for Ikith, was a well- 
known health-resort noted for its baths (w 
Roman Baths, Vul. IX). But w^hen the Romans 
left Britair^, the Bath Road, like most other 
English roads, fell into disuse. Even in the 1 7th 
century, when travelling by coach was bccoifting 
popular, the road w'ps in very bad condition, Hind 
it was quite common for a traveller to vet lust 
on it, as Pepys did in betwren New^burv 
and Reading. 

Tn liic 18th century, when the Turnpike 
system (q.v.) brought about an improvement in 
the state of the roads, the Bath Road again 
became active with traffic of all sorts. Bath, 



^THE BATy ROAD 

under the direction of the famous dandy Beau 
Nash, had become a fashionable holiday resort, 
and during the ,season the road was alive with 
gaily painted stage coaehg? with their six or 
eight horses, post-boys in their yellow coats and 
white beaver hats, stat/'ly private carriages of 
the nobilitye, with liveried postilions and out- 
ride.-'s, and smart lighter equipages of the y^oung 
gallants with their high-stepping horses. In the 
sumnricr eff I'rao on three davs of the week these 



stage coaches would leave London to run the 
io6 miles to Bath. 

• l’he*old Bath Road is no longer the main road 
from.London all.the way to Bath. Its place has 
been talvcn at some places by the Great West 
Road, whicji follows a more direct route. 

'Serlalsri Rf)A»S, Si ACL CoACH. 

see Brc^adcasting Corporations. 

Civil. Aviation. 

i 

BEAGOW, see Signals. 

BEAM WIRELESS, see Short-wave Wireless. 

BEASTS OF BUROEN. i. ]’’or many thou- 
sands of years man depended ujion no other 
beast of burden but himself; indeed, wlien ^aily 
man fust began to domesticate animals, h*- did 
so ihr the purjioscs of food or for assistance in 
hunting lalher.than for helping liiiii to carry 
thinf > Tn many oarts of the world to-day, 
especially in south-eastern Asia, man, and 
especially woman, is still the chief beast of 
burden. 'I’he fine carriage of the people ol these 
robntries the result of theii habit of carry ing 
bu»"dens la Jieir heads. ^ 

Injhe ancient civilizations of the Near East, 
and also of America, there seemed no need to 
make use of other animals when there were 
always plenty of slaves. 7 ’he great buildings of 
ancient Egypt and Assyria, China, and India 
needed the transport of great quantities of stone, 
which was all dragged into place by gangs of 


BEASTS OF BURDEN 
slaves. But as civilization developed, ic became 
more and more the Custom to save man-power 
and increase efficiency by training animals to 
pull and to carry. 

Horses and their re;latives, asses and mules, 
have alw'ays been among the most widely* used 
beasts of burden. These anim.ds werefirst used Ut 
help in wTirfarc. Teams of donkeys were used 
us early as 4000 b.g. to pull the chariots of the 
Kings of Sumeria, and Israelite princes used 
mules both for drawing chariots and for riding. 
Horses, 1 ‘rom the time of tlie Romans till the 
invention of the steam-engine, were the prirwipal 
means of transport in Euiope {see Horse 
T R ansport) . 

Many other animals, such as dogs, camels, 
llamas, elephants, reindeer, and various kinds 
of rattle, have been u.srd l)y man. DilTeient 
animals have been used in diffetcnl parts of the 
wwld, according to the partic uLii geogi ajihical 
and climatic conditions of the region. An 
animal suitable for hauling teak logs in the hot 
forests of Burma would be useless in the snowy 
pine forests of northern Europe, the rocky 
mountain paths of llic Andes, or the strctihes 
of waterless desert in Australia. 

2. Hot Dfsicrts. I’he one-humped Arabian 
Camel or dromedary (q^v. Vol. II) has been, 
until the invention of the motor- ifir and aero- 
plane, the principal means of travel in the 
desert for thousands of years. Its broad padded 
feet move easily over loose, dry sand, and it has 
. remarkable rapacity for storing fat in its 

mip and water in cells in its body so that it 
can undertake a long journey without needing 
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Loads arc lastenrd to the saddles. The white' yak- is llu Iradt.T 


further food and water; tlius it is able to stand 
the conditions of Desert Travel ^q.v.) as no 
other animal can. A loaded dromedary can 
cover Djreat distances at a slow jog ot 2^ to 
3 miles an hour; and when lidden it can go 
about 1 o miles an hour. As many as a thousand 
animals are sometimes to be seen ciossing the 

• desert in a single caravan. Arabian camels have 
been taken to Australia, where they arc used 
in tlic desert region? of the north-east. The 
donkey, also^ is useful in hot, dry climates, and 
has been the principal pack animal of the 
counti ies of the eastern Mediterranean fen' cen- 
turies. It ( an stand great heai and can work 
well on a poor diet. 

3. (loLD, High Desert. The two-humped 
Bactrian camel with its tliick, shaggy coat is 
found in the cold, dry regions of central Asia, 
Mongolia, and parts of India. It can carry as 
much as i ,000 lb. or more in weight on its back 
and can go ^ong distances across very rough 
('ountry at a slow pace. On the Kirghiz Steppes 
small, shaggy camels a?e even yoked to draw a 
cart or sledge, and yokes of four are sometimes 
seen ploughing. The thick-coated, tough Mcm- 
golian ^ponies are also very important d» »ught 
and riding animals of Central and ^ast Asia. 

* 4. Mountain Country. Although motoi 
roads and railways have now been built in many 
mountain areas, most local mountain transport 
is still, as it always has b<en, by pack animal 
along narrow paths. Donkeys and mules are 
lound in almost all mountain c<^)untry’; their 
ability to stand both heat and cold, their tou^- 
jficss ;^nd their sure-footednfcss make them able 


to neg(jtiate counti y which would be impossibk' 
to a horse. The mule has the toughness and other 
chai acterislics of its father, a jackass, and tlu* 
size of its mother, a hoise maiTj and tliis makes 
it the ideal pai.k animal. A walker in mountain 
country may be disconcerted to meet round 
a corner oif a naiiwv j^alh what looks like a 
moving haystack, and vshat proves to be a 
donkey c arising li’omc a load ol hay Iftrm 
the field. I’hc animal pioccu‘ds legaidless ol 
obstacles, and the walker must scramble lor 
safety up the side of the hill Little c’oukcws are 
oltcn to be seen carrying their masters, whose 
feet^'alniost reach the ground on each side. 

In very high regions, such as large parts of 
Tibet, the best p.ic k aninicd is the ^"ak {\ec 
CAniF, Vol. II). This anim.d is able to work 
at a height in w^iich many animals find it 
dillicult to breathe owing to the thinness of the* 
mountain air {srp Atmosphere, \V) 1 . III). The' 
yak is not used as a draughty animal nc^r fen 
ploughing, but only as a pack ani/iird. U can 
carry its burden^some 20 miles a d;{y, and fit is 
sure-footed and able to stand great cold. It nas 
been found very useful •'in mountain explora- 
tions in the Himalayas. Another strc^rig, sure- 
footed, and docile animal, abfe to stand high 
altitudes, is the,South American Llama (cpV.* 
Vol. II), which is used in tkp Andes regions for 
riding and as a pack and draught atiimal. The 
llama can carry a w'eight of ^Jinc-ioo^lb. Ihr 
long distances, but if it is overlexaded it meets 
the situation by refusing to move at all. ' 

5. Northern Regions. In the lands of northern 
Europe, Asia, and Amerir^,t)ie main transpe^rt 
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is by Sledoe (q.v.), which is duiwri in sonic 
parts by dogs and in others by reindeer. The 
Eskimoks fq.v. Vol. I) of Alaska and northern 
(lanada use long-haiied, rather vvoU-like dogs 
( a lied jinsixii's, wh’. li they harness in [lairs or 
in larger teams arranged lanwise with a leader, 
riiey often cross these dogs with wolVes in order 
to j)i (‘serve the strength of the breed. The dogs 
caj/travel ’ 'iig distances without l(jod and with 
a great capacity for endursince. 'fhe stori(*s of 
Jack J ondon, The Tall of the Wild and White 
Tcui^^ give^ vivid }>icture of the livens cjf these 
» animal^ In the Arctic lands of northern 
Russia the Sainoyed dogs are used for transport. 

'riie Lapps (c^.v. Vol. J) and northen' Siberian 
peoples use reindeer to draw their sledges, and 
lor many other purposes; and reindeer have 
been successfully introdu’^d intt, parts of 
northern America. They can keep up a pace of 
lo miles an hour for long distances, and can 
pull a sledge loaded up to 200 lb. in weight, 
d hejf strive/ guides them by cords 'attached to 
iheif* antW"?; [see Snow and lor; 'Fravei.). 

^o.. Hor, Wet 1 .nds. Different kinds of oxen 
are used in many couiftri^s as draught animals. 
Oxen, in^ f^tet, have been until comparatively 
recent times the main draught umals in 
Europe, and are^ still so in some Mcditerianean 
countric . In I^di^^nd south-eastern Asia the 
.low-moving bullock pulls wooden carts and 
is ^ used for* aU farm work. In particular the 
Asiatic. Buff//i.o (q.v. Vol. II), \/ith its long 
hornrf cjirved b?''k over its shoulder and the 
characteristic low carriage of its head, is suitable 
in wet, marshy ground , The bullock has played 


an important part in some of the great migratory 
treks of history. When the Boers left Cape 
Ckilony and trekked to IVansvaal, Natal, and the 
Orange Free State in the 1830’s, they cariied 
their families and goods in ox-wagons; wh('n 
the American pioneers set out along the Oiegon 
Trail later in the 19th century, tlieir eovei(‘d 
wagons w'ere pulled at a rate of 2 mil(‘s an hour 
by teams of oxen {see Amej^ioan J'raiis). 

Another important transport animal in 1 iot, 
wet couiitrics is the Ei.kphanj’ (qw. Vol. II), 
a very powerful animal, both patient and in- 
telligent. Elephants were used in the ancient 
civilizations of the East for hunting and for 
. ttle. In warfare they wTre often taken far 
a Id. When Hannibal (q.v. WA. V) led the 
soldiers of Carthage over the Alps to attack 
Rome, he brought trained African elephants. 
Later, wTen the Romans invaded Biitain in 
a.d. 43, they brought elephants wliich ciossed 
the 'Fh.uiies and advanced into E.fsex. Afiiean 
elephants are now no logger domesti ated; but 
me Indian elej)hant is used for agriculture and 
forestry in India and the countries of south-east 
Asia. It is invaluable in dragging the^ heavy 
hygs of wood from the Teak forests (q.v. Vol. VI) 
to thv. saw^mills. It also plays an important , 
part in Big Game Hunting (q.v. Vol. IX). It 
is driven by a mahout, or native driver, who sits 
on its head and directs it with a spiked stick. 
Elephants, richly draped, have always taken 
part in the ceremonial processions of Indian 
princes. 

7. Other Beasts of Burden. Attempts a\ 


various times have b^en made to t 
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and 
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train other animals. Ostriches and even girafTes 
have been made to pull carriages. At one time 
the Boers in South Africa used to catch young 
Zebras (q.v. Vol. II), train them, and export 
them as draught animals to Mauritius. At the 
beginning of this century a pair of zebras was 
trailed and broughf back to London, where 
they used tc^ be driven regularly in Hyde Park. 
Big dogs of various breeds have also been 
trained to pull carts with milk and vegetables 
over the cobbled streets of Holland and Belgium, 
or to cany packs over the mountains of Tibet. 

See also Horsl Transport. 

BELLS, see Signals and Signai ling. 

B1BL10TH£QUE NATIONALE. The French 
National Lilyary in Paris had its origin in the 
library of King Jf)hn pf France, who was cap- 
tured by the Black Prince and imprisoned in 
London in the 14th century. His collection 
dwindled; but later French kings began to 
amass*a new library, using the usual m^^thods 
of the Middle Ages — plunder and gifts. In 1534 
‘ Francis I began another library at Fontaine- 
bleau Castle, outside Paris, and later this was 
brought to Jaris. In the long reign of Louis XIV, 
when France was very pTosperous, the library 
grew to more than 70,001; volumes, and part 
of* the present building in the Rue Richelieu 
vas erected. A full alphabetical catalogue m'RS 
comnilejd. The name Bihliotheque Nationale 


(National Library) first 
to be used during the Trench 
Revolution; the library was cir- 
riched by books belonging to 
noblem«n who had itin away 
or been guillotined, and others 
taken from cpnventsi and 
monasteries which had V beer 
suppressed. Later the Emj)eror 
Napol(jpn increased the Gov 5 ^p- 
ment grant to the LiVary, and 
added treasures * takch from 
conquered^ countries.# ^lost OT 
these, however, had to be re- 
turned later to their right I ul 
owners when Napoleon’s :>rmics 
were beaten. 

Much of the present build- 
ing is modern, though part of 
it was built in the 17th ccntuiy. 
A large part of if is made of 
iron, and is fireproof. No one may enter the 
Students’ Reading Room without a pass — visi- 
tors may only look through the glass doors, where 
they may se»e the iron jiillars and wall-paintings, 
and the 10,000 books of reference kept there. 
Besides its 3,600,000 books, the Bihlioth<)c‘que 
Nationale has manv other treasures, iruluding 
works by Rembrandt, Diirer, and other .artists, 
the throne on which the Kings of f’ ranee were 
crowned, and the che.ssmen which bekvyged to^ 
the Eniperor Charlemagne, who died in 8^.^. 
There arc also autogrnphs of many famous 
people, Mary (,)ueen ol Scots among iIktii. 

See also LiBR ARILS. 

BICYCLE. Machines of many shapes and 
Sizes have led up to the bicycle that we know 
to-day. The first of these was the 'dandy-horse’ 
or *hobby-korse’, introduced into Fnid.iT. j in 



PIG. I. A HOBBY-HORSE 


inventor was Baron v 5 T\ Drais 
Sauer^ron on the Rhine. It had no pedals* but 
' to»be pushed by the feet on the s^round {see 
John Keats, the poet, wrote of it to a 
rricV<^^‘lt is a wheel carriage' to ride cock-horse 
upo^j^si^ing astride and puslnng, it along with 
the rudder wheel in hand they will 

-'go se/en miles an hour.’ 

T le first improvement on this was the inven- 
*\l' x'of pedals in by.,Kirkpatriok M^icmillan, 
a Scottish blacksmith. He is credited "‘'ith being 
the lirs't to use a lever arrangement to drive the 
rear whe^l, so that jt was not necessary to push 
the feet on the ground {see Fig. 2). By 1865 a 
machine was introduced in France in which 
j)edais were attached to the I'ront wheel, and 
these c aiiscd it to gd^round as they were pushed 
round themselves. The hrst machines to em- 
br)dy this piinciple were called velocipedes 
(swift feet), or boneshakers as they were called 
in >],ngland. They were extremely heavy. 



^^cumbersome, and uncomfortable, s - they haw 
iron tyres and poor springs or none at all. 
When going downhill the rider had to take his 
feet olf the pedals, which wdiizz/.d round at ^ 


great speed. * 

; :rhe lion! wheel of the bicycle gradually grew 
in\j5^‘- uiipl it became 50 to 60 iraches in dia- 
me'jfc Jiic»rear wheel was only 14 to ’B inches 
f:?^ameter {see Fig. 3). This eAjdains the name 
‘peiiyy* farthing' .vhich was gi\Tn to this bicycle, 
ofly^^Yse called the ‘drdinary . Since one 
reXlution of thb pedals caused one revolution 
^ the wheel, the larger the whe. the longer 
the distance covVred with each push. 1 he solid 
sa*d^vvinch.had tol)e used for the frames, how- 
rnad^ them very^ heavy; and so experi- 
ments *werc ^adc in building tfic fiame of 
baml^o instead of steel. Soon, however, 
tubi/lar •steel fr ncs were introduced, and these 
cpinbined lightlies with strength. By 1868 the 



FIG. 3. A FI.NNY-FAKniING 


word ‘bicycle’ had come into general use, from 
the Latin bis ‘twice’, and the Check kukln.s 
‘wheel’. 

The penny-farthing bicycles were used a good 
deal Ibr racing and they attained some very good 
speeds {see Cyc:i,i^: R.\(jing, Vol. IX). About 
1870 wlieels wdth steel instead ol wooden spokes 
and solid rubber tyres w'cre introduced, and 
some years later springs were added, d'hough 
this made the machines inore comfortable' the 
lider still had to be something of an athlete, 
for the height of the saddle made falls lather 
dangerous. 'I’ricycles were safer and could be 
ridden by ladies, but they were very slow'. 

'Idle great change came in 1885 when J. K. 
itarley of Coventry invented the Rover {see 
i ’ig. 4), the first modern or, as it was then called, 
‘safety’ bicycle. His machine had smaller wdieels 
of nearly the same size; the pedals were set in 
the bottom of the metal frame betwt*en the 
wheels, and drove a toothed gear-wheel which 



FIG. 4. THE JIRiJT ‘SAFETY* BICYCLE 


wrcjvut^ 

/vas coilncctcd by a chain with ihc hub of the 
Ircitr wheel. 

\rhe last improvement of fundanicntal im- 
portance* was the introduction of pneumatic, or 
air-filled, tyres. In 1888 J. B. Dunlop, a Scottish 
veterinary surgeon practising in Belfast, made a 
^^air of th(ftc for his son’s tricycle, and they were 
^|on in wide use, for they enormously improved 
both the speed and the comfort of cycling. Tht 
Dunlop Company which was started in 1889, 
quickly made a huge profit. It was only at this 
tune that women began to cycle,* but since 
the ladies’ bicycle had not then been introduced, 
women wore ‘bloomers’ for bicycling —an outfit 
not unlike men’s ‘plus fours’. In the 1890’s, 
^low^ever, the ladies’ bicycle cami in, and 
bicycling became verv fashionable. In London 
the young people of fashionable society used to 
1 idc their bicycles in the park when their elders 
w'ent out in their cariiages. Until the intioduc- 
tion of motor-cars, bicycling was a very pleasant 
way of getting about. 

Among later improvements was the ball- 
beaiing, w'hich eased the motion of the bicycle 
and reduced wear. The frcc-w’heel enabled the 
1 ider to keep his feet on the pedals going down- 
hill and so lessened the danger of falling off. 
Thicc-specd gears made going uphill easier. 



IH^DRESS rOR BIGYCIINO. ‘a RATIONAL COSTUME* 

j| Fiom I he Ctrl's Own Paper ^ 1895 


In the last 60 years bicycling has . 

over Jhe world, wherever there arc roac|? 
a good surface. Bicycles arc most used in Fi ' \ 
Germany, Belgium, Holland, and Great B^itj/in^’ 
where there is mlich leVcl country. In rffrnc 
parts of the Continent*, especially in 
special bicycling paths are made, quit^ 
from the high roads. About 30 million bi^caV* 
are probably now in use in the world. 

See also Roads; Roads, Br iiisw, WiiLtL. 

See also Vol. IX: Cycling; Cycle Rac.iNg. * 


BLIMP, see Airship. 

BLIND ALPHABET, Braim.e. 

BLOCK SIGNALLING, see Skinallinc’., R mi - 

WAY. 

BLUE TRAIN. This tiain, named fiom tlu- 
colour of its cais, was oiigiiially the Ckflais 
Mediterranean express, w'hich cairied ]jassen- 
gers to and from the sea-side towns of the Ticnch 
Riviera. More recently, however, the main 
Blue Train has worked between Ptiiis and Men- 
tone, a town on the coas^ near the hontiei 
between France and Italy, though sleeping dais 
run through from C?lais to Mentone without a 
change. These go to Paris and are w'OTkecl » ouncl 
the city by the Ccinture (‘brlt’ or ‘ci*Me') Rail- 
way fiom the Noithcrn Region line to ^ ni the 
rest of the tiain on the South-Eastei n Rr^ '•' 
line. Before the Second Woild War the 
Train was made up of fust and second class'' 
slccping-cars only, but now it contains oidiiiaiy 
coaches as w^cll. 

Sec also Railway Goachls, Sec tion 4. 

B.O.A.G., see Civil Aviaiion. 

BOAT TRAIN, see Trains, Specjat • 

BODLEIAN LIBRARY. This, th- libia:y of 
the University of Oxford, is one of* the lai. 
libraries in England, coming after the Brihs/i 
Museum Library (q.v.). It was established Ijv 
S ir Thomas Bodlcy ( t545~i'^i3)* The first Uni- 
versity Library had been founded in the^^-^jj; 
century by Bishop Cobham (d. 1327), aod w ;s 
housed in a room adjoining the University 
Church. When Humphrey, Duke of Glou^ster, 
the voungest son of King Henry IV, gave g-rcat 
gifts of manuscripts and a new Libr.ir ' 
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ouilt by the Unigi^ersity.'«^ut after^ 
100 ycarfj the Library was dismantled, 
the manuscripts except four disapp*earcd, 
room was left empty for nearly 50 years, 
r Thomas ^odlc^i on his retirement 

-^Tg^^^een Elizabeth’s c(Hir.t, , undertook to 
^jW|S|.y%Jnivcrsity Library again. He furnished 
- * room with bookshelves and benches, 

roller ted about 2,000 books. In 1602 the 
i* *4lcian Library, as if came to’^be called, was 
opener^., 

Bodley A)n tinned to give books to the 
l 7 ibraiy,%and persuaded many famous people to 
follow his example. After his death the collec- 
tions were enriched by other benefaclors. Among 
tliem were Archbishop Laud, who was for a 
'time C^ilianc(‘llor ol the University of Oxford, and 
Lord Fail lax, Chomw ell’s commander-in-chief 
during llie Civil War. In i6iq Bodley had ar- 
ranged with the Stationers’ Company that a 
co])y of every book published by its members 
^u)uld» be givgn free to the Library. This 
^rffH«ngeinent proved to be the forerunnei of 
\Mjioua vjpyiigh Acts’ by which the Bodleian, 
and (eilain other lil^raries, may e/>ch receive a 
fK'c copy of every \^ork published in Britain (\rr 
YRKun). 'lb-das many thousands of copy- 
light bool , aic received e^ich year, and several 
oersons aie k('pt continuously employed cata- 
oguing tl|^('m (srr CAiAt()(nnN(i and Indexing). 
rhertttriie now over 1 .1 million b®oks in the 
U)r^, induding moie than .jOjOao nMimil>cript 
^nmes. 

Tlu* lapid increase in the Tabrar\'\ contents 
n.ulc it nccc'ssary for a ne^e wing to be added 
luiiiig ]k)dlcy’s lil’e, and i>ther additions w^eic 
nadc in the yeais t(jll(n\i ’g liis <kMth, largely 
\ilh money bccpieathcd by him for the purpose, 
i^^ojing the lollowing < enturies the IJbrary con- 
to. expand and occu[>iecl Ji|3ace in sur- 
loUlKvling «nivcrsilv buildings, until a special 
building had to be provided. This was 
^med by Sir Cilc» Gilbert Scott, who also 
die new CXMBRiDciE Univiksiiy 
/' 3 Av (q.v.),*and was opened in ipid. It had 
built a sliort distance ajvay ' nn tlie old 
Bodleian; Jjut 'th^two arc conneited by an 
ortnd tunficl. Books are carried from 
mieimildiijg to <hc oth^r by means of a nicchani- 
/a\ conveyor^, . 

E ie other parts of the Bodleian, the best- 
Is the Radclitfe Camera, opened in 1749. 
as built libra ry quite separate from 
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TIiE BODI RIAN LIBRARY, OXFORD 

Pait of lilt' 15th-century room called Duke Humphrey's 
Library 


the Univeisily’s library, under the will ol“ Dr. 
John Rack lilfe (ibyo 171 j.), a famous London 
doctor who attended Queen Mary^ wife of 
William III, and later Queen Anne. Since 1861, 
however, it has been used to provide extra space 
)r the Bodleian. All tlic nudical and scientihe 
)oks are now krpt in the Radcliffc Science 
Library near the University Liboratoiics; books 
about the Bi ilisii J anpiie and the United States 
aie in a part of Rhodes House, the ( )xroid head- 
cjuarters of Rhodes Scholars; ancj, finally, books 
about India and Pakistan are in the Indian 
Institute, the centre of Indian studie . in Oxfoid. 

All menibcrs of the University are allowed 
to read in the library, and other people doing 
important research may be givch special per- 
missi 'u. Scholars come fiom all over the woild 
to consult preci(3us books and manuscripts, <5f 
some of which there is no other copy in exis- 
U'lice. Every person wdio uses the library must 
lust promise, among other things, ‘not to kindle 
therein any^ fire or flame’, a precaution instituted 
by Bodley himself. 

•Sec also Librarie.s. 

Sec also Vol. X; Oxironn University. 
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’^DK..A modcri^book is the iV^ulf of carefuli 
/^^trial planning, quite apart iroin whatever 
may pass through the mind of the author. 
\n idca'fbr the subject of a new book finay have 
fjccurred first to the author or to a publisher. 
The idea seldom come:, as an author’s' sudden 
ispiration^, it is often the outcome of long 
puking and indecision. Few authors can afford 
o^ live solely by writing books, so an author- 
)ften has to give up his spare time for thinking 
jut a book and writing it. 

‘ Unless an author is prepared himself to pay 
he cost of f^rinting, binding, and distributing 
L book —which will generally run into several 
lundred j3ounds--his book will not b' printed 
in less some publisher agrees to risk iha^ money, 
o do this a publisher must estimate that 
iiough people will buy copies of the book to 
•ay for all the rests, including a share of the 
ost of running the publishing business, and still 
'ave an adequate reward for both himself and 
le author. 

Usually a book first reaches the publisher in 
le form of a finished manuscript tvpe- 
aitten, so that a carbon copy can be taken, 
nd also for easy reading- -and he is invited to 
tiake an offer to publish it. It may have been 
ubinitted directly by the author, or have come 
hrough a literal*)' agent, who has assessed its 
Lterary qualities, and sent it to the publisher 
le thinks most likely to be interested. Literary 
gents exist not only to find and negotiate with 
publisher on the author’s behalf, but also to 
xploit fully the author’s other rights in his 
/ork, such as broadcast versions, film rights, 
ranslations, and so on— work for which some 
lublishcrs have few facilities. In payment tor 
is services the agent receives a percentage of 


' a percent th/5 proceeds as a rcwirrVjfc^o, ' 
use oV his organization. In this case thci/oV ,.>ok 
is published 'on commission’. 

The publisher forms his own judgemtijf pd ^ 
the merits of the many manuscripts he r'ecebi 
in this task he is assisted by the advice Kt iti 
fessional experts called ‘publishers’ irf 
These experts often specialize in one 
thus one ‘reader’ will advise on history, \ ' 
another on fiiiion. The,pul>lishcr must dccVe»' 
not only whether a book is good, and .does not 
resemble some other book which would com- 
pete A\ith it; he must also Judge whether it will 
ie})a\ the cost of publication, yield a reward for 
the author, or require careful editing at the 
piiblishei's expense. As a book that costs a f^.real 
deal to produce may have-' to be sold at such 
a lii^^h price that few^ people will buy it, the 
])ub]iMicr may rail for a detailed estimate of 
production and marketing costs, before he 
makes the author an offer. ^ 

'Idle ba.sis of most publish^^rs’ agrcitments 
nowadays is the payment to the author 
ro\alty, that js, a pc*rccnt,ige of the published 
price on evwy copy sold. Usually provision is 
m4ide for the royalty to increase after a certain 
number of copies haye been sold; that is bccai/jy;, 
once the heavy cost of setting uf) type has been 
met, the reprinting of further copies is not in 
itself very expensive. Thus, if the book is very 
successful, the author profits accoidingf^u while 
if it I’S a. •failure, the publisher’s loss is silS<»lle\e 
than if he had ])aid the fiighest royally on's!] 
copies. A ly])ical arrangement in the ease ot ' 
a novel, which may be cx]jectcd to sell quickl) 
but tor only a short period, would be a royalty 
of io% on the first ;^,ou(), on the next 

5,000, and 20% afterwards. I f 5,000 copies wei e 


be author’s earnings. sold in all, the author would tiien make as uiu/^ 

A good publisher should know the changing on the last 2,000 as on the first 3,000. / .vo 
demands of the book world, and the openings royally means that, 'for every ropy sol^ • » a 
for new books on current affairs. That is why bookshop, an author will receive, f 
he himself sometimes suggests a new book to the is. on a 10s. book, and [)a. on a ' of 

author Ife considers best qualified to write it. At Jigreed intervals the publisher 
After discussions, and often after thc%publi.shcr counts and pays royalties due, uUho.. 4 n^i 
Mas approved the outline of a book or read some have seen, the publisher may also have . 
chapters, he contracts to publish the finished lump sum in advance, as part of the expected 
book, and may perhaps pay the author an ad- royalties, so that the author .night -have s 
vance on his expected earnings. Such a book immediate return for his work.t 
is said to be commissioned by the publisher. The rest of the agreement maii^ly lays dowi 
Occasionally the author commissions a pub- the conditions on which the publisher niix^ sell 
lifher to handle his book, paying the manu- the author’s work as a book. Although ^thc 
yiCturiig costs himself, and giving the publLsher Cofvkight (q.v.) remains the author’s pfo 







II \ 1 \ IS 1 iMi lo(Kir) M 1 A rii\sr ulady ior trim in ^ 

pni ill II it 11 tu K 1 o\ I ar I pnnt( i on lit ( (’ ei When cut down tlic ctnlrt * uh 

lull slut I I ct)!) [ lett iC pii,e s li n 


p(it\ noiiiiill* ^ nils tht^ pyhlishu an 
li(rin.t to ])ul)lish the book the pub- 
fflfri n\i\ ilso l)t* ^1 »ut(d some contiol over 
^oUici iiL,hts (^sueli as iilnis and ti anslations'' 
v\hi(li miN mist liom the publication of tht 
hook Usually the publislici asks ior an optuin 
on tht nr\t book oi t\M that he tan lool* 
ioiuaid tvcnluall) to ])ul)lishivic; the anthoi ^ 
^liit works, uid so that he may be repaid for 
^Sl^iidt It t fti a new luthoi , 
m. 4 jec llV agreement is siigncd, then, providing 
if author has iinishod^ wiititig the Iwok, tht 
of piodu^i^«f<^n begip The publisher 
(Jecidfe what site the book is to b*», he 
V' standaid si/cs (stt Book 

suitable type is then^cho® n, th< re art 
nMi)> diircfcnttlpsisns to thoosp Iro.a, mde and 
dchcatyor hpav> looking Then the 
of hncAwn^ber of lines to the page, 

|iraii?cment of chapter- openings, and hcadli’KS 
arc ,lecided*upon Ihc printer then prepares 
spt/men pages from a part of the manuscript so 
thlt appcarani. and legibility can be judged 
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fCocse p.w^'cs arc also ul>cd as a che^jk ifi ‘caMingd 
rstimatinu; the number of pacjes the book 
Will make in the style chosen. When this is 
\ipprovciJ/ the printer can begin to s(?t up the 
f/pe. Most typesetting fi:)r bookwork is now 
done hy macfiiiiK*^ ^uchj^ the monotype or lino- 
l^;pe (see P^tNTiNG, Vol. VII) from which the 
c(Ynpletcd lines arc taken, not in pages but in 
long columns of about i8 inches. A proof, called « 
a ‘gaJley proof’, from the name of the long metal 
tray which holds the type, is taken, examined by 
tlx* printer’s readers (not to be confused with 
the publisher’s readers who are mentioned 
above), and mistakes in the typesetting are col- 
lected. Proofs niciy be sent out to the author in 
this form, or the printer may proceed at once to 
make up the type into pages, putting the head- 
lines, page numbers, footnotes, and any text- 
illustration blocks into their proper place. The 
j)roofs then go out as page proofs. 

A bound book is not an assembly of separate 
leaves but of folded sections which normally 
consist of 8, ib, or 32 pages. When, therefore, 
the page proofs arc returned by the author, the 
type is first corrected and then arranged and 
fastened in large metal frames (chases) so that, 
when an impression is taken from the ‘forme’, as 
it is ix)\\ called, the printed sheet can be folded 
into sections with the pages appearing in their 
correct sequence (see Figs, i and 2). A fiiral 
‘imposed’ proof is usually sent to the author at 
I Ills stage. When the proof is returned, final 
corrections are made, and the forme is then 
icady for printing off, or ‘machining’. Wh(*n 
])rintcd, the sheets are sent to the liindery, where 
they are folded, gathered into the right order 
\(olLitcd), sewn, glued together, and inserted 
into the binding case, which will already have 
had the title and other lettering impressed upon 
it with gold leaT, silver foil, or printer’s ink. A 
jcuket, intended less to protect the boc^k than to 
advertise its contents, is wrapped round the case, 
and the book is ready for the booksellers. 

While #theso j)rocesses arc in progress the 
publish^.r is making his plans to market the 
finished! book. He has prepared announcements 
and piospectuses and sent them to bookshops and 
libraries, and his representatives travel widely, 
both at home and abrcjiad, taking advance 
orders. From these advance orders, called the 
‘subscription’, the publisher gauges the demand 
aryl decides whether to bind all the sheets at 
o/cr or Jlo keep some flat foi; easy storage until 
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they are vicd. \Vlien sufficient bo xnd^'c^^ ’ " ^lok 
are rSady, he can confirm the da,e ' 

chosen for publication. Invoices ^ 
for the orders received, and copies ‘orderc'a^}fc; 4 ‘ 
bookshops are pacl^d and' dispatched te t^^^, 
The remaining cppies hc.stores in his war^ho/‘”'j . 
supplying day-by-day orders from this, 

The publisher docs not normally sell liV. j 
copies direct to the public but only to V 
sellers, wholesalers, anef public libraries, ^ 
whom he allows varying rates of discyitnt off 
the publislied price.' Nevertheless, A is he who 
spends the largest iihare of time and iiruicy in 
ti'y'ing to interest readers in the books he pub- 
lishes and to persuade them to buy copies from 
the bookshops. About a fortnight before publjra- 
lion, he sends copies to the! literary editors of*' 
new'spapers so that reviews can be written and 
published when .the book appears. The pub- 
lisher also prepares advertisements and inserts 
them in newspapeis to announce publication; 
this item is a most expensive one.^ He disti'Tutes 
prospectuses and supplies booksellers w ith dis^l'^; 
material. And so, at last, the author nitiy see his 
book in the ?^aop windows. But not aJway^s: i.ir 
more books are published than can be displayed 
at once in any bookshop. 

rir»« *> 

See also li.i.usi ration. 

BOOKBINDING, see B> )()k; Books. Huviory 
OF. See fl/jo rBooKBiNDiNCJ, Vol. VII. 


BOOKS, HISTORY OF. Ihe c iiliesi sioru 
stirring tales of national heroes (ue Ei*ir, 
Vol. XII), w'ere not w ritten dow n but were sung 
or spoken and passed orally from gener.ition 
to generation. T’lie earliest w'rilleii recoids, 
on#>tonc, metab clay, wax, cloth, or leaves, are 
described in Writing, History of, and Wrii 
lNS'iRUMENTS,(qq.v.). Thc book in' Us ^ 

sense can be said to b^gin with thc handw r-' ' 
roll. I’his was fnanusc'ript (from tw'o lai 
words meaning ‘band’ aya '">mLtcii’). It 
in ihV form of a volumerf, from wl\ich >\^e 
wwd ‘volume’, based on the ITatiii .wfex^a. 
rolling or turning^which occurs also in ‘revorv*/’ 
The roll w^as made from pcT^jyriA, thr pith of a 
reed which grew on the river %^ilc, th^ papv?’^ 
sheets being joined end to end [ree PaperTI ’ ^ 
the Egyptian^ city of Alexandria ^thcre was i 
large and famous library of these rollS\ 
Libraries), collected by the Pharaohs oi^rurers. 
In thc and century b.c. rulers of thc PtoleVy^ 




A TLAGHER AND SCHOLARS READING FROM ROLLS 

Roman relief in Treves Museum 


dynasty lefused to lillow thr export of papyrus 
to the cities of Asia Minor. I'he people of one 
city, IVrt^ariium, therefore, resorted to the skins 
of animals, whi('h they split, scraped, and pre- 
]iartfd as a writing material; it was known ever 
niter by the pame of Pergamum, of which 
’p '. aliment’ is a medieval English veision. The 
finest quality of parchment was made from the 
skins ol laiii])S, kids, and calves and was known 
as vellum. Parchment was much stronger than 
[)*l{)yiii^ and coulcl be folded into sheets, and 
about the 4th century A.i). this form of writing 
m.itcrial was usefl for the Codex, a manuscript 
volume which replacc'd the roll, and in which 
the sl> Tis could be sewn together at the side 
♦o^rSke pages, as in a modern boc^k. In this 
A’iy the Bible (([.v. VcjI. 1), the Lv . -books of t»^ 
Romans, the Cheek and Roman classics, an. 
die writings of early Christian authors which we 
lead to-day wTre handed down. Lastly, the 
.('cret of making paper found it*: way from 
Llhina through the Arabs to Europe. By rhe 
f.^th century Italy was the centre of supply, 
raiifc, G(?imany, and Fland^ia were soon 
niFnjj tl%cir own paper ^ 
jLv^ring the Dark ,Agcs, when the Roman 
‘l^iire in the ^Vest ♦ell to pueccs through the 
of! baijbarian iiivaders, much of the 
jl4^yih^* ‘hiahuscripts and n. king of books 
iias carried oh in religious j:ommunities. In 
[iionastericfi bobks were made by Monks (q.v. 

S I) in*a spec’dl writing-room, the scriptorium. 
w^as pflenAiuilt in the form of a series of 
rate litthi partitions or studies., Manuscripts 
nac^lbr 1 .h or noble patrons were often 
da^riftely decorated or ‘illuminated’ with 
3urs and gold-leaf Some of the pages glowed 


w'ith initials, miniatures, and scrolls, designed 
by artists of great skill, wdiich place them among 
the world's great works of art (sec Colour Plate 
opposite, p. 48). Often they were finislicd in 
wondeiful bindings of thick wooden boards, 
sometimes set with jewels or covered with 
stamped leather. The w'ood used for the boards 
was usually beech; the Old English word for this 
is related to our word ‘book’. But .so long as 
books w’crc made of parchment and handwritten 
they were rare and costly; and so long as the 
medieval church was tht^ only centr e of culture, 
iheie was little spur to wider reading. 

Gradually, with the spread of learning and 
the growth of universities, more books came 
into use, by loan or sale. From the middle of 
the I4ih century the universities fjermitted and 
controlled a ne^v form of trade in books through 
stationers — so called because they operated in 
shops which were stationary or immovable, as 
distinct from the wandering pedlars who often 
sold prohibited books in secret — books which 
had been pjrohibited for either religious or 
political reasons. In 1403 a guild of makers and 
sellers of books was lounded, which later, in 
1557, was incorporated as the Stationers’ Com- 
pany, one of the ancient City Companies (q.v. 
\ ol. VII) which still exist in London Lo-day. 

With tjjac slow change from the Middle Ages 
to the modern world, and the growth of art, 
letters, and scientific thought, all was ready for 
the discovery of Printing (q.v.). 4 ts elTect on 
civilization was to be beyond calculation. When 
Johann Gutenberg, of Mainz in Germany, in- 
vented printing by movable metal type about 
1445, paper was already being manufacture!^, 
as we have seen. Although few people l^'^d beci"^ 
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!^Vight tc read, books became in demand. 

end of the century, some g million printed 
bovjcs *»^re believed to have been in use. Up till 
♦ hen, it h^ls been recorded, ‘a few score thousand 
liianuscripts had contairi(;d the inherited wisdom 
and poetry oi the The earliest specimens 

printing *are fragments of a German poem, a 
L^ftin school grammar, and an astronomical 
calendar. I’he first complete printed book to 
have survived is the Bible in Latin, printed in 
Germany, which appeared not later than 1456. 
It was not until 1476 that William Caxton, a 
cloth merchant, having studied printing on the 
Gontinent, set up a press in Westminster. 
Books printed before 1500, when printing was 
^ill in its inl'ancy, are known as incunabula^ from 
:he Latin word for an infant’s cradle. They 
kvere at first made deliberately to resemlile the 
landwriting of scribes; woodcuts which could 
le printed with the tyjic were used instead of 
:he hand-drawn coloured miniatures and initials. 
Indeed, collectors of fine books regarded the 
caily printed books as inferior things. A wiiter 
jf that day, describing the famous library ol the 
Duke of Urbino, tells us: ‘The collection con- 
tains no single printed book; the Duke would be 
ishamed to have a printed book in his library.’ 

Yet there was a large general demand for 
irintcd books. In England, where all paper had 
till to be imported, two-thiids of the printers 
verc foreigners, and there was a big market for 
breign books. In the i6th century religious 
Yorks and text-books were needed for the in- 
rreasing public schools and town grammar 
ichools. After the Reformation, w^hen J^n gland 
became Protestant, there was a steady demand 
for the Bible and other works in English. In 
1526 the fii'st New Testament in English ap- 
peared, translated by William ’^lyndalc. Soon 
every church was ordered to have a copy of the 
English Bible; but, as books were so precious, 
the Bible w'as often chained to the desk — as, 
indeed, were whole libraries of books. In early 
Tudor EAglantl, however, with its religious dis- 
turbances and economic troubles, th^progre.ss 
of the book was checked; it w^as in Italy and 
France that books were so great a factor in the 
Renalssanc» (q.v. Vol. I, Section 2), with its 
revival of learning, its pageantry, and love of the 
arts. Besides the ancient classics, some of whose 
authors were being newly discoverc'd, there were 
bfK>ks on medicine, astronomy, mathematics, 
gj.chi texture, and paintings No longer were the 
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PAC.r I ROVI Tin FIRS I PRIM I H niMLl 
This l.alm Ihblc, known .is I hr j-jolnir Ihbh, \-,;ys pniiti'd 
in Mam/ 111 I 4")5 l)N I list and S( lioi'lh'i partners oi ruten- 
berg. The* initials ate band-jiainUd ami the » 

‘blat k-liMler’ 

old manuscripts copied. I lie angular gt)lhir 
‘black-lettcr’ of the scribes, copied by tlie Ciuly 
printer.s, gave w^ay to our present roman and 
italic types, which are based on the Hand- 
writing (q.v.) Uf the ‘Roman’ man user ipts of 
antiquity. More books were made in pages o^ 
smaller size by folding each sheet of pcpier^^gtre 
often. Books are still acscribcd as folio*, w heii |he 
sheet is only foldecl once (t-'vo leaves, four pag 
quarto (four leaves, eight pd^<H , octavo Jc ^ 
leaves, sixteen pages),* and so^on.(jfr B« 
Sizes). Each folded sheet is callecrTr^^t^rrc’ ko 
section. So that, the binder might arrang. 1 
the quires in the correct oifder when he sewed 
them together, the printer us^lnlly pilt a Ic 
or figure at the foot of the front page of^edG^ 
thus, with thQ quarto size, A or i ’\^ould appear 
on page one, B or 2 on page nine, and so'pn. 

From now onward, the general but gradual 
tendency was for books to be nrinted in larger 


iiH v^^rs, a smaller cost, an*d to cov:rj ar> cver- 
widei|ing ^nge’ of subjects. Each country had 
its upS andSlowns. England, for example, en- 
joyed golden age in the tinrie of Elizabeth and 
Shakespeare. Poetryf plays, n^usic, and popular 
•ballads greatly increased in circulation. With 
the Ji /th'* century came the beginning of the 
out'^ook of the modern world. But in spite of 
^the rapid development of scientific thought ' 
•Vh'^re were still severe restricti'ons on books. 
PriritiRj w^s allowed only in I.ondon, Oxford, 
and Cjimbridge {see Printing, History of); it 
was noAintil ifi9(i,that anyone was free to print 
anywhere. Until the double disaster of tlu^ 
Plague and Fire of London in 1665 and ifif)b 
^scaftered them, booksellers had been centred 
round St. Paul’s CiTiiuchyard, as a few still are 
to-day. The (heat Fire destroyed thousands of 
books there nearly 300 years* before the Na/i 
bombers destroyed over a million books in one 
night in exactly the same spot. 

In the 1 8th •century books greatly improved 
i/» app».arance. C’raftsmanship was betUn ; 
smoother paper allowed refinements in printing 
type; finer leather made for nft3rt‘ gorgeous 
bindings. Tliis 'v*is the age of great country 
}i8us«s, such as llolkharn and Chatsworlh, 
whose owners wanted their newly foianed 
libi'cyries the same excellence as in tlieir china, 
silver', fiv;nitui(', a4id portraits. 

H'* nerto books had been issued in paper 
^.ers, and every buyer had to ordef a book- 
binder to make a special cover f • each bo<ik, 
much as men order a suit from a tailor to-day. 
Paper-covered boards were now brought in. 
The numbers of readers increasing, ai.vl 

tlicy were provided for b; the increased writing 
of Novels (q.v. V(j 1 . XI 1 ) an^the setting up of 
' circulating, lilyarics. Pco|^ began to write 
spTiicTl lx)oks for eliildi'crvpiri 174.4 John New- 
t^ry opefted a bookshop in §t. Paul’s ChurTh- 
"^^d in which he st^ed every sort of book for 
ch^ren, whether fof amusement or instruc^tion. 

•• ‘G4ang(^i in social habits completely changed 
tlie wQT^ ol' books in the 19th c tury. From 
^800 to 1850 the population doubled itself; sc 
did Uie ^tv'orking Inan’s income. A dilTercnt 
p3fftcial order emerged ; mechanical processes gr ew 
-with, startling speed. Fast communications 
chained dsily life. The telegraph, the steam 
boat, and tli' steam printing-press came into 
us^. Ilie nations discovered each other, their 
Cistoms and their animal and 
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plant life, thk^r scenic beauties These bcca^r* - 
the subjects of books with exquisite cole an 'd 
illustrations, often by renowTied artists/ 
means of illustration, such as aquhcint and 
lithography, were devised. Th,e wood ertgrav 
ings by Thomas Bewick in books of liirds and 
beasts summed up in miniature th'e w^hole ^ f 
English eouritry life and were widely repd 
abroad. Books were made cheaper after 1823 
by the use of cloth covers (instead of leather) for 
binding. Cheap Magazines and Periodicals 
(q.v.) multiplied; in 1848 W. H. Smith opened 
his bookstalls on the newly opened railways; 
cheap editions in yellow paper covers known as 
‘yellow-barks’ were sold on the bookstalls. All 
this sacrifice to (|iiantity and cheapness causf;^ 
a decline in quality and craftsmanship. 'The 
illustration of books later sulTi'ied by the influ- 
eiK ()1 ])liol()graphy on engravers, w^bo lust the 
traditional vigour ol' their drawing. Such were 
the low slaiidaids ol'hook productioii after years 
of mass maiiulcK lure by rnachinery, that at the 
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Bodlcmn l.ihfi 

PAGE FROM PLINY *; ‘NAIUKAT. HISUlKV' 

l*rintc*<l in roman type on scllnni in Venice in ii7'>. 
It was illuminated by hand and bound for the Str^'/i 
^ ''family 
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TIIF PALIISERS AT RRrAKFAST 
what husbands always say wlicn they re going tO 
Kold' t 

'But I am not going to scold 1 am only going to advise you ‘ 
'I d suOkier be &c«flcd Advice is to anger just what cold 
tngef IS to hot.' 



‘But my dear GIcneora, surely if I find it ncceasar to 
speak ’ 

'1 don't want to stop you, Plantagenct Pi ay, go on Oi ly 
It will be BO nice to hase it over ‘ 

Hr was now more than ever averse to the task befurc hii 
Husbands, when they give ihcir wives a tjiking, shmild do it 
out of liand, uttering their words hard, sharp, and quuk 
and should tlun go There are some works that won t U. ir a 
preface, and this work of marital fault-finding is one of them 
Mr Palbser was already beginning to find out the tiuth of 
tins 'Glencora,' he said *1 wish you to Ik serious ssiih riii 
‘I am very serious, she replied, as she settled herself in her 
chair with an air of motkery, while Iki eyes and mouth were 
bright and iloqucnt with a spirit wh rli her husband did not 
ovc to see Pool girP There was seriousness encugh in store 
her litforc she would lx? able to leave ilu room 


P \Gr I ROM TROr LOPF’s NOVLL ‘can you rORGIVF IIJ R^* 

Piiblishf'd in 1948 by tlie Oxford University Press (first 
published iBb^) 

end of the century a group of artist-craftsmen 
headed by William Morris called for a return 
to good workmanship and materials. Private 
printing-presses were set up by reformers, who 
published books too expensive to be of much 
practical value, but which had a sound artistic 
influence on commercial publishers. In our own 
time we have seen how machine production 
ran produce books of the greatest good taste. 
Quality and style in book-production are com- 
bined wilh an bver-growing output of literature. 
British pulflishers in 1949 issued 17,00^5 differctil 
titles. 

BOOK SIZES. Books are printed in sheets 
with several pages on each sheet, and their size 
depends on the size of the sheet of paper used 
and the number of times it is folded. Sheets of 
p^er for printing are cut from the reel of 
p/iper recording to one of the standard sizes, 


such as foolscap, - crown, demy (pronounced 
‘demeye’), or royal, cither in the single size^or in 
one of the multiples of that size. Thc»e sheets are 
called ‘broadsides’. After printing, these broad- 
sides arc folded down the middle of the long side 
to form sheets- for binding. By folding once, a 
folio sheet of four pages is produced; Ly foriing 
this sheet again in the same way, a quarto 
(abbreviated 4to) sheet of eight pages is pro- 
duced; by folding it a thir^ time an octavo 
(abbreviated 8vo) sheet of sixteen pager is pro- 
duced; and so on. fi.ach sheet can tliercfore be 
described by the size of the paper originally used 
and by the number of folds made, for example, 
a foolscap folio, a demy quarto, a crown octavo. 

Here is a list of the names and dimcnsijris, 
in inches, ol' the principal Broddsides of paper 
in single size, which arc u.sed in book piodu(- 
tion, with the corresponding folio, (|uarLo, and 
oc tavo sizes, and the average dimensions C)f a 
hound volume, in which the sheets liave l)0(*n 
cut all round, that is, top, side, and boUoiii: 
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BOUNTY, H.M.S. "riie burthen ol ship 
was nearly 215 tons, her length on deck t)o It. 
10 in. and breadth outside to outside of bends 
(thick plrinking near water-line) 24 It. ^ in., r 
flush deck, and a pretty figurehead ol a woman 
in a riding habit.’ So wiote William Bligh, 
lieutenant in command of the Bounty when she 
sailed Irorn Spithcad for the South Seas on 
23 December 1787. She was provisioned foi 
18 months and- carried forty-six persons on 
board. The ship^-s company were volunlecis, 
not pressed men. T^cy were not told the f)l:ye( t 
of the voyage until thc^ Bad left T'eneKlfe, wl]|*n 
Bligh had assembled thc^^ship’s company a/nT 
divided them into three w at dies*, inst^'ad ofrthc 
customary watch and watch. (He -promoted 
Mr. Fletcher Chrisiiaii and put*him’hi charf^e 
of the third w^atch ) But with two gardeners o.. 
board and the Great Cabin fittW up to carry 
629 flower-pots, and the care with which ah'' 
ship had been fitted out and provisionjed, every- 
one on board, must have realized ^Bat this was 
no ordinary voyage. Bligh had been for 4* years 
Master of the Resolution under Captain*^ Cook 
(q.v. Voi V). His mission novy w^as to collect 
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bitacl-fiuil trees iiom me bond) IbLinds ly the 
1^1 ific and eariy them lo ceitairi West Ind an 
islands, ^\heie it was hoped that biead-fiui* 
could be intioduced as an aitulc of food 

On ->b October 178H tin Bounty anehoied at 
lahiti, and was well recc v^ed by the islandei*^ 
ind the 11 duels w ho incjuii d aflec tionatcly allei 
Captain Cook The ship rciyained at Tahiti 
loi 2^ weeks, and ijOn, biea^lruit plants wei( 

( ollefted,*as well as spec?/nens (jf* other fiuits 
Bln^h sefsail fioin Taltiti^on 3»Maich 17O9 and 
visi^d certain 9'hei islands On the morrunu; 
of 28 April Chiistian assumed command, and 
order ad Bfigh and eighteen others to be cast 
^^iift in the 23-foot launch, tin open boat 
earned on deck, in the Doiuily Twenty-three 
perspn® including, Bligh tells us, the most able 
men of the ship’s company, remained in the 
Bounty^ some against tlieir will Bligh showed 
* magnificent ^seamanship, and Ijv caiefullv 
husbanding his resources, successfully navigated 
the launch 3,61c miles to the Dutch settlement 
of Timor, from w/TLfT. Ilf took ship to England 


The mutineers returned in the Bounty to 
laliiti, where tluy split into two paities, si\U cn 
veic discmbaiked, and (^hiisliari and tight 
Tier Englishmen, togcthci with twenty-seven 
natives (who wen alwavs icady to sail in 1 nglish 
ships\ men, women, .md children, sailed aw xy 
n the Bounty^ no one knew wheic Ihc frigate 
Pandoia recovered the mutmeeis from Tahiti 2 
\cais latei and ten were court-m u tiallc d thic e 
being executed 

The cause ol this farnexus mutiny has never 
been satisfactorily explained Bligh was a good 
officer, not the heartless flogging ty rant he has 
been represented One thing is eertaiu the 
rnuiiuy wa/ not long premeditated and took the 
ship’s officers, including Bligh, entirely by sui-' 
prise. Indeed, only Bligh appears to have put 
up any resistance. Christian, the ackriow ledged 
ringleader, had been a favourite of Bligh’s 
The fate of the Bounty and the remaining 
mutineers was discovered by chance 20 years 
later. An American whaleship, calling at tftjc 
prcMously uninhafiited Pitcairn Island iv{ i ,200^ 
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' rt^iles fpom Tahiti) in 1808, fo^ind there the 
reh'^'iins of the Bounty sunk in a bay, and a 
cert^a John Adams presiding in the fashion of 
a patrfdpich of old over a small community. 
John Adams, alias Alexander Smith, A.B., was 
the last sufVivor of Christian’s party. When 
‘•British men-of-war visited Pitcairn Island in 
1814, he was left in peace, despite the Royal 
Navy’s justifiable horror of mutiny. Bloody 
fighting had disposed of John Adams’s white 
companions. 

It is often forgotten that Bligh commanded 
a second and successful expedition sent to collect 
bread-fruit plants for transportation to the West 
Indies. He became Vice- Admit al of the Blue 
Jn 1814. 

See also Vol. X- Mutiny. 

BRABAZON 1. This, the largest British trans- 
port aeroplane, was built as a model for later 
aircraft intended to fly non-stop from London 
to New York, a distance of 3,200 miles. 

To achieve this range in the face of the severe 
head-winds of the North Atlantic, and to have 
enough reserve fuel to be able to fly on to some 
other airport in bad weather, the Brabazon had 
to be built to fly 5,000 miles non-stop. A total 
weight of nearly 130 tons was necessary to carry 
100 passengers tor this distance. The building 
of the Brabazon, as part of Britain’s pi ogi amine 


of tran^tT^ort aeroplane design, was recom- 
mended in 1043. 

Building began in 1 945 at the Bristol^ Aero- 
plane Company’s works at Filton, near Bristol. 
Owing to the size of this aircraft it was nece.ssaiy 
to build a very large assembly hall. For the 
taxi-ing and flight trials of the completed aero- 
plane, a concrete runway nearly 3,000 yards 
long and capable of heavy loads was laid down. 

The airciaft, which was named after Lord 
Brabazon of Tara, chairman of the coinniittce 
which recommended the building* of this and 
other ail craft, made its first flight in S-rj^^tember 
1949. It is a large all-metal monoplane with 
a single fin and rudder. It is powered by eight 
normal piston-engines, each of 2,500 hoisc- 
power, housed in the wiigs, and couplc'd in 
pairs. Fiach pair drives a pair of three- bladcd 
propellers (airscrews). 

The Brabazon I was built foi leseaich and 
development work; future aiieiaft on that 
model were planned to have gas-tui liincs 
driving propellers. The wing span 01 Biaba- 
zon I is 230 feet, its length 177 leet, and its 
height 50 f^ft. The area of the wing is 3,317 
square feet. The craft can cruise at 250 miles an 
hour at a height of 5 miles, and flv at a in »xi- 
mum speed of 300 miles an houi . I he estimated 
range is 5,480 miles at cruising speed. 

See alst) .\rRorL\Np. 
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BRAILLE. This is a special Alpha v-t (q.v.), 
marked by raised lumps on stiff paper, which 
blind •persons can understand by the touch of 
their •fingers. It was named after a blind 
Frenchman, Louis Braille (i. 0 o(j- 52 ), who pei- 
dectedlt in 1834 while teaching.at ascliool for the 
l)lin#l in Varis. It was not, however, much used 
unti^ 20 y^ars later. 

Other systems, which had been known since 
the 16th century, made use of the ordinary 
shapefp gl letters, ^"hese were somet’mes made 
of lead or \^food, or cut out of cardboard, or out- 
lined HBpins stuck in cushions. One develop- 
ment on those lines was ‘emhossing’- making 
indentations of ordinary letters on tlie back ol 
a pirce of paper or card, so that the letters stood 
,out on the other si^e, a method used in Fraiue 
in the early 19th century. But One Frerichmam 
Chaplain Charles Barbier, worked out a code oi 
dots in place of the ordinal y Ictteis. As this 
method was easy to read, Biaille made it the 
basis of" his met^iod. 

Each letter in the Braille alphabet consists 
OI one 01 juoie raised dots. Thcie aie six jiossible 
positions which a dot can occupy^in any Icttei 
( see Fig. i). By placing the dot or dots in various 
pjitterns, sixty-three diffeient shapes can be 
dc*vised. This number allows twenh -six shapes 
lor the twenty-six letters of the alphabet, and 
thirty-seven other sjgns foi punctuation, figures, 
and for the commoner woids or parts of w'ords, 
such as ‘the’, ‘and’, ‘-ing’. 

The units are embossed acros.** the page, like 
lines of print, and aie big enough 10 be com- 
fortably felt by the trained finger-tip. I'iie 
thirty units given here show how the Braille 
alphabet is built up. 'Fhe basic si\ positions ait 
showai here as a guide; hut in faille boks tnjy 
the thick dots w'ould appear sjunding up as em- 
bossed liijnps. 

7 ’he lirsJ:-linc letters, A to J, use onl) the first 
and second rows of dots. *Thc second-line 
IcitVs, K to T,*afc based on the corresponding 
first line, with one dot added; the third-lifiers 
arc like the fir^, with two dots added. When a 
special sign is put in front of ‘ to J stand 

also for the nufnbers i to 9 and o. Even music 
can be written in Braille, 

Blind p.eople usually write by means of a 
machmc on^which the six dots,^or any com- 
bination of dots, can be written. This is called 
a Brailfe Write The latest machines invented 
in Great Britain strike jthc paper from under- 


neath, so thajt the lumps appear on «top, anu 
can be read as they are written 


A 

B 

• c 

D 

E 

F 

G 

H* 

/I 

J 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 


• • 


• • 

• • 

• • 

• • 

*»* 

•% 

• • 

K 

L 

M 

N 

0 

F 


R 

S 

T 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

•• 

• • 

• • 

• • 

• • 

• - 

• - 

• • 

• • 

• • 

• • 

U 


X 

Y 

z 

4ind 

iol 

of 

the 

\V 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

- 4 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • • • 

IHI ItlCMlIl 

• • • • 

\i riiAiu 1 

• • 

• • 

• • 


Blind people ('an also write })y means of a 
hand liame, whidi consists of a flat i)oard on 
which the papta is put, and over which is fittc'd 
a biass iiilei punched with row'' ol six holc-s. 
A pointed instiimicnt called a ‘style' is used foi 
pushing througli the holes .ind making dents in 
the paper. As it is the lumps and not the dents 
that can be read, the w'riting is punc lied on the 
reverse side cTthe paper and is done from righf 
to left. Then, w^hen the papci is turned over, 
the lumps aic* on tcjp, anci the letter can be lead 
in the ordinary w'ay from left to tight. 

Many books and periodicals are printed in 
Braille, and the various societies which exist to 
help blind people have lending libraries of 
Biaille book/j. Braille books arc rather he.ivy 
md cumbeisome, bec ause of the thick, spongy 
paper used and because Braille letters arc larger 
than printed ones, f.oiig w’oiks may have to 
be spread over seveial volumes. An experienced 
reader can read aloud at an easy c onvcisational 
pace. Nowadays gramophone leioids, or 'talk- 
ing books', can also be liought or boi lowed b^ 
blind people. 

See also 1)1 Al i.ANOUAClFS. 

See also \ ol. XT BiiNUNrs.s. 

BR /v KES,^ AIRCRAFT, see /MRC.KAFT I!iNC;iNES, 
Section 7.* 

BRAKES, RAILWAY. Two systems of brak- 
ing are in general use on railway lolling-stock; 
each system allows the driver to apply the 
brakes throughout the entire length of a train, 
making a very quick stop possible. One system 
depends on the 'pressure of compre.si’cd ajr, anjJ 
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the other on the suction of a partial vacuum, forcing p. piston outwards, pushes the brake- 

In VHch case the train is slowed and stopped by shoes (L) against the wheel of the coach. When 

the [?cessurc of curved ‘shoes’ against all the the driver wants to start the train again, he frees 

wheels br all the coaches of the train. These the wheel by admitting compressed air from the 

shoes are controlled by a pipe, called the train- main reservoir into the tfain-pipe. This action 
pipe, which Tuns the whole length of the train; allows the air in the brake cylinder to 'escape, 



FIG I. COMPR?SSLD-AIR BRAKLS 

A. Supply valve; B. Air pump, C. Main rescr. )ir; D.Brakc valve; E. Train pipe; F. Auxiliary reseivoiis, (I. I iiplr 
valves, H. Brake cylinders; I. E^i\er’s pressure gauge; J. Guard’s brake valve; K. Emergency •sliains in curnpailriw nls; 

L. Brake shoes 

it is carried from coach to coach by flexible and a spring in each cylinder forces the piston 
piping. Normally the brakes are applied by the back again, so drawing the shoes away from the 
engine-driver, by means of the train-pipe, but wheels. 

each braking system is so arranged that if the The same effect is achieved by vaciuim brak- 
train-pipe between any of the coaches is broken ing (Fig. 2), but by a diflerent princ ijfle. 'J'his 
by the coaches parting, or if a leakage occurs time a larger piston in a cylinder is used to work 
in the train-pipe, the brakes will be automati- the brake slvocs. On both sides of the piston an 



FIG. 2. VACUUM BRAKtS 

A. Supply valve; B. Ejector through which air is exhausted from D; C. Train pipe; D. Brake cyliiulci , F. Onc-wav \ akc ; 
F. Vacuum gauge; G. Guard’s brake valve; H. Ckirnpartment chains; I. liiake shoe 


rally applied. They can also be applied from effect of suction is# produced by the state of 

the guard’s van; while the use of the alarm vacuum existing in the train-jhpe (C), \\hi(h is 

chain or handle in a passenger compartment induced by the ^haust of the locomotive. If the 

will partially apply them Railway Coaches), driver wishes to the train, Jie destroys this 
In the case of the compressed-air system (Fig. vacuum by opening the train-pipe td the firdi- 

i), it is easy to distinguish a locomotive fitted nary atmosphere •An arrangement oAtilvcs (E) 

wfth the donkey-pump or pumps (B) which prevents this change in the train-pipe ^oin 

compress the air, as the pumping makes a rhyth- afflicting the upper part of each brake cylinder 

mic noise, even when the train is at a standstill. (D) ; therefore each piston has ijornial aiu pr( 5 s- 

The air is passed from the main reservoir (C) sure below it and a state of vacuum above it, and 

•through a tap (D) and the train-pipe (E) to it moves sharply u'p ward, forcing,thc brake-shoes 

other reservoirs (F) beneath each coach. Valves (I) against the wheels. 'Fo release the brakes the 

(G) in the piping arc designed so that if the driver causes air to be sucked from the train- 

pressure from the main reservoir is reduced by pipe; the restoration of the vacuuAi beneath 

the driver opening the valve, or ‘tap’ of the each brake piston causes the pfiton to drop 

train-pipe (D) the compressed air in each coach’s down, and so removes the pressure fipm the 

^ixiliary reservoir enters a cylinder (FI), and by wheels. 


Compressed-air brakes, such as the Westing- 
house, are in use throughout North America and 
in the j^reat majority of European countries. In 
Grcat^ Britain, however, the use of this brake is 
confined mainly to eltctrified. services, as it is 
Miuch ei^isier to compress air than to exhaust 
a var?ium,by electrical means. British main 
line brakes ’are of the vacuum-operated type. 
Vacuum brakes are used also on most of the 
railways in India and South Anierica. I’here 
is some •tendency to change over from vacuuni 
to compressetl-air brakes; this is an outcome ol 
incrcasin§ railway speeds, fur in general ‘air 
brakes’ (as compressed-air brakes are usually 
called) have a more rapid letarding action than 
vacLUirn brakes. 

^ Passenger trains ir^all countries are cquij)ped 
with continuous brakes; but the niunljer of 
countries in which braking of llii^ j)e is a]>plied 
universally to goods trains is limited. Among 
thein*are North America, France, and Cjcrmany. 
Great Britain haj been backward in this K'specl. 
CleiMin British fast goods trains aie run witli 
vacuum brakes throughout, and arc })erniitted, 
when necessary, to run at speeds \ip to 50 01 
even fin m.p.h. Others are marshalled with 
halfca dozen or so vacuum-braked wagons next 
to the en<dne, to give the diivt'r idditional 
l)iakc-^jower. This allows tliciii to tiavel at a 
slightly higher speed tlian the slow ( oal, 
mineral, 01 stopping gt)od trains, on whicli the 
only brakes that can hr worked while tl^e tP^iin 
is in motion are lliose on the engine, tend(*r, and 
guard’s van. All wagons are lilteo >xith hand- 
brakes, blit these can be operated only when the 
wagons are almost or completeK stationary. 

Sec also RaIIW'A^S, 1'KAM^^AY^ 

BRAKES, ROAD, see MoH/K-f-AR; Moiok 

'FRANSnflRJ. 

BRAKIN*G, PRINCIPLES OP, srr \ ol MU 

BI^AKDCjWN TRAIN. Even wlicii ev(*i) 
precaution lias Been taken, it is still not possible 
tewavoid occasional Raiiavav i^ccii nts (c|a.). 
For this reason* means must be provided I'or 
clearing tht* line as quickly as possible after an 
accident has taken pla^e. At ceitain strategic 
points on caijji railway (usually the principal 
locomofive sheds) ‘breakdown trains', or, as the 
Americfftis cal’ them, ‘wTccking trains’, arc 
.stationed. 


BRIDGES 

The principal part of their equipment is a 
powerful steam-crane, so designed that, v-ith 
the Jib lowered, it can pass through the bv/dges 
and tunnels on the w^ay to the scen^/of the 
accident. With the crane go a number of tool- 
vans, containing jacks and other appliances, as 
well as accommodation and means f®r serving 
meals to the breakdown crew. 

• At the scene of the accident, the chief pre- 
occupation, next to that of human safety, is to 
get the line cleared at all costs. To cut the 
clearance time to a minimum, it may be neccs- 
.sary, on a busy main line in })articiilar, to deal 
somewhat unceremoniously with the derailed 
and damaged stock. Whatever can be moved 
on its owm wheels is taken away from the site 
immediately; other smashed veliicles may have 
to be dumped at the side of the track until it is 
possible to dispose of them without t'urlher 
inteiiLiplion to traffic. The use of breakdown 
cranes is not confined solely to aeeidents; tliey 
prove most useful, in particular when ikav 
bridges arc being creeled, or other large-scale 
emgiueering work is in })r()grcss. 

BRIDGES. Piesident Roosevelt once said in a 
speech, ‘There can be little doubt that in many 
ways the slois of biidge-byilding is the story of 
( ivili/ation. By it we can readily measine an 
important part of a people's progress.’ (heat 
livers are themselves important means of com- 
mimicatioii for in many parts of the world they 
lia\e been, .iiid still aie, the ( hief roads [see 
'iviR Navk.a I ion). But they are also barriers 
/ eommunic .ilion, and people have always been 
eoneerned with finding ways to cross them. 

'I’he first crossings were by Fords (q.v.). 
l^arly man jirobably got the idea of a bridge 
from a tree fallen accidentally across a stream. 
From this, at a later stage, a biidgc on a very 
iniplc bracket or cantilever principle was 
evolved. 'Fimber beams \vere embedded into 
the banks on each side of the river with their 
ends extending over the water. 'Theses made 
simy * supports for a central beam reaching 
across from^oiie lirackct to the other. Bridges 
of this type are still used a great deal in Japan, 
and there is an ancient Indian bridge across the 
river Sutlej in the Punjab which, by this method, 
makes a span of 200 feet. 

Another early method of bridging was to roll 
flat-topped rocks to positions at intervals on the 
bed of the stream,, aad cover them with flat 
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stone slabs. 'Ihis type of ‘clapper’ bridge is 
common in China, and is to be found in many 
places as a crossing over a shallow rocky stream. 
A simple bridge on the suspension principle was 
made by early man with plaited ropes, and is 
still used in countries such as Tibet. Two 
parallel ropes suspended from rocks or trees on 
each bank of the river or chasm, with a platform 
of woven mats laid across them, made a secure, 
even if rather swaying, crossing. Fuilher ropes 
as handrails were generall) added. When the 
Spaniards reached South America, they found* 
that the Incas of Peru used suspension bridges 
made of six strong cables, four of which sup- 
ported a platform and two served as rails. They 
were used in particular for crossing deep chasms 
and ravines in the Andes mountains. 

All the.se primitive bridges made possible 
crossings only for narrow rivers or chasms. An 
early and famous bridge over a wide pie( e of 
water was built in 480 b.c. by the Persian King 
Xerxes over the Hellespont (the old name for 
the Dardanelles) to carry over his whole army 
duringrthe Greek and Persian wars. This bi;idge 
is described by the C^ieek historian Herodotus. 
Two parallel lines of flat-bottomed boats were 
lashed together, each being securely anchored, 
and then floor of brushwood and earth was 
laid from end to end. This type of temporary 
floating bridge, the pontoon-bridge, has been 
used ever since for military purposes; military 
engineers can construct a temporary bridge on 
(his principle, able to carry, all the heavy equip- 


ment of a modern army, in an extremely short 
time. Permanent pontoon-bridges have been 
built in modern times — for instance, a pjimtoon- 
bridge carries the railway over the Royal Canal 
to the Broadstone tcrmi*\us near Dublin. The 
longest pontoon-bridge is probably that over th'- 
River Hugh at cJalcutta; this is over }■ mile long, 
and is carried by fourteen pairs of iron pontoons 
held in place by strong chain cables. 

The idea ol' driving wooden piles into the bed 
of* the water in order to support a platform was 
j)ut into practice as early as 2500 b.c. by the 
Lake Dwellers (q.v. Vol. 1) of Sv^itzcrland 
and Germany, who then built wooden houses 
on the platforms. This is the basis of the ‘trestle 
or pile bridge, which makes it po.ssible to^build 
a wider crossing easier for the transport of 
animals and goods. Herodotus describes a 
bridge of this type built over the Euphrates at 
the ancient city of Babylon. Stone piles were 
built into the bed of the river, which possibly 
was diverted from its normal course during the 
construction, and then wooden planks wcie fixed 
to connect the piers. 'Lhc Pons Sublicius (a 
stake or pilf; bridge), the famous early Roman 
wooden bridge across the Tiber defended by 
Horatius against Lars Porsena, was built on this 
principle (.w Fig. 1). 

The most important contribution to the 
evolution of bridge-making was the idea of the 
arch. The principle of the arch-coiistruetion is 
diet if a number of wedge-shaped blocks arc 
fitted together in the form of a semicircle or 
segment of a ciiclc to span a gap, so long as the 
blocks each end are firmly anchored, lh(* whole 
structure stays in position {iee Fig. 2;. It is 
probably that the ‘Sumerians (q.v. \\) 1 . I), tla* 
oeciple who fettled in the Euphr«ites-'Figiis 
Valley as early hs 4000 B.c., were the first to use 
the arch, which they made ‘with suu-bak(‘d 
bricks; and it was** known early in the history 
of China. ButUhe Romans were the first to 
exploit it fully for the purpose of bridge-m'^king. 

•Neither the Egyptians nor the Greeks wen' 
great bridge-makers; but the Romans 'needed 
bridges, as they needed roads, to enable th^m 
to administer their great empire efficiently. 
They built in timber, in stone, and in*a combina- 
tion of the two. One of the finest examples of 
Roman bridge-building is the huge thrdfe-tiered 
Pont du Gard over the Rhone near Avignon 
{see Vv)l. I, p. 412) which is still to be stVn. This 
is both a viaduct and an aqueduct. The first 
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titT consists of six huge vmiriicular arches 
which support the road and the eleven arches® 
on the second tier, and tli *se in turn suppe^rt 
thirtv-ii\’'e iw’ches in the thiid tier and the canal 
which is c^rtied iqo feet ahove^the river. The 
Romans establisln \ the importance of early 
LondeJh by building tlRi first bridge over thje 
riiames {see London Bridoe). 

After the fall oTT the Romans in ti 5th cen- 
tufy there was little building, cm:ept in dinber, 
for seve.al tenturics. In the nth and 12th 
centuries the greatest bridge-builders were the 
Monks ^.v.-Vol. I), asdthey were the greatest 
roadmakers, nmkeepers, makers of .books, and 
many other thinp In Italy an active order of 
monks cafTed the hratres Pontifices (the Brother- 
hood of Bridge-builders) laboured ‘to give aid 
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to voyagers, to. build bridges, or to establish 
boats for their use . . and other orders of -he 
same sort existed in Fiance and England. The 
famous I2tli-rentiiry Font d’Avignon across the 
Rhone, renowned in the French nursery rhyme 
\Sur le pont d' Avignon, on y danse tout en rorvie', 
was built by monks. Four out of what were 
originallv piobably twenty-eight arches are still 
sttinding. In the same century an English monk 
was rcsjionsible for the first London bridge in 
stone, the framework of which, with much repair 
and alteration, lasted until 1825 w^hen the new 
bridge was built. 

In the Middle Ages the semicircular arch 
of the Romans was translated into a pointed 
arch. An interesting sjiei imen of a rneclic\al 
poinU'd ar^h biidg(* is th(' three-way ^Fiinity 
Bridge at Cio^land, Line olnsliire, built by the 
Abbot ot Gioyland. Fhr’(‘e pointed arches 
joiiuxl into one span the main stream and two 
branches, and caiiy rcjadw\ays branching into 
three directions, llie bridge is very steep and 
narrow, only suitable for foot pas.sengcrs and 
pack animals. The steep, narrow pack-horse 
bridges ol the Middle Ages were to be found all 
over Brit.iin, for since the roads were so bad, 
most transport was by pack animal. Bridges of 
the 15th and iGth centuries ^ften carried chapels 
and even houses on them. I'he Elizabethan 
London Biidge had a chapel and a w'hole row 
of houses alc3ng it, as had the famous Rialto 
Bridge of Venice and the Ponte Vecchio (Old 
• iclge) of Floi'(‘nce, and many others. 

.11 the 17th and i8th centuries the French 
architect Jean Perionet and the Scotsman John 
Ri NNiE (q.v. Vol. V) perfected the stone arch 
from the point of view of beauty and efhciency. 
Their greater knowledge of practical mathe- 
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POME VECCHIO, FLORINOE 

Marn medifval biidges had houses built on them. This bridge dates 
from the second half ol the i jih renturv 


matics and engineering cn allied them to build 
bridges with an arch constructed on a segment 
of a circle less than a semicircle. Such an arch 
made it possible to achieve a wider span without 
increasing the height, but it put a greater strain 
on the abutments at each end. Rennie’s Tweed 
Bridge at Kelso, built in 1803, has live arches 
with a 72-foot span / his Waterloo Bridge (1B17) 
had nine arches with a 120-foot span; wliile the 
new London Bridge, begun in 1825, I'caches 
a span of 152 A feet. On the Continent even 
wider spans in stone bridges were achieved, the 
widest being the Plauen Bridge over the river 
Syra in Germany, which has an arch span of 
295 feet. 

With the coming of the railway in the 19th 
century there was a great demand for bridges, 
and the railways had capital for building them. 
The first railway bridges were built of stone or 
brick. In many places long lines of viaduct were 
built to carry railways; for instance, there are 
miles of brick viaducts leading railways into 
London, and a stone and brick viaduct over 
2 miles long carries the railway by 222 arches 
over the marshes of the Laguna V^eta into the 
city of Venice. 

The next important development in bridge- 
building Was the use of iron and, later, steel. 
The first iron bridge, built in 1779, crossed the 
river Severn at Coalbrookdale in Shropshire, 
near the town of Ironbridge {see Fig. 3). It was 
;of cast iron, with a single, nearly semicircular 
arcKof 100 feet span, it is still in use, though 


now only for pedestrians. In I'J 19 John Rennie 
built the old Southwark Bridge over the Thames 
(superseded by a new' bridge in 192 1 ) of cast iron, 
with three arches, the central one of which has 
a span of ^^^40 feet. Several important cast iron 
bridges were built, including the High Level 
Bridge over the Tyne between Newcastle' and 
Gateshead, built by George Stephenson’s son 
Robert, and opened by Queen Victoria in 1849. 
But cast iron was not a. suitable material for 
Tong-span bridges, and Robett Stephenson be- 
gan tj experiment with wrought iron, with 
which material he made his famous Britannia 
Bridge, a tubular railway bridge over the Menai 
Straits, with two spans of 460 feet each, which 
was opened in Mav 1850. Another bridge of the 
same tubular type, the Victoria Railway Bridge, 
'was opened in 1859 cross the St. Lawrence 
at Montreal, Canada. There followed a period 
of great experiment in the construction of rail- 
way bridges irj, wrought-iron, pla'te^-iron, and 
steel, as well as in reinforced concrete, on the 
tubular, girder, steel ardh, and finally carTtilcver 
principles, which resulted in ^reat bridges all 
over the world, such as the Forth Bridge, the 
Quebec Bridge, the Sydney Harbour Bridge 
(qq.v.), and others. All this is described in the 
article on Bridges, Railway. 

The first great suspension bridge ;was the 
Menai Suspension Bridge ((f.v.), built by 
Thomas Telford (q.v. Vol. V) and ^jened in 
1823, which hung from wrought-iron chains. 
This was followed by Brunei’s Clifton Bridge. 


With the introduction of steel cables it became 
posable to use the* suspension principle to make 
modern J'oad bridges, and in this way to achieve 
longer^ %pans than ever before. The Golden 
Gate Bridoe (q.v.), bflilt at San Francisco in 
I ^ 3 ^ 1 , ha^ the longest span yet made — a distance 
of 4,aoo feot between its two great steel piers. 
Other famous suspension bridges are the 
Brookl)!! Suspension Bridge, across the East 
Ris er ill New York, apd the George? Washington 
Bridge or^r the Hudson River. 

The idea of a drawbridge, a bridge hinged so 
that it cafi be lifted by chains from inside to 
prevent passage, is an old one, and draw- 
liridgcs were used over the moats of medieval 
Gashes (cj.v. Vol. XI). The bascule bridge, of 
wjiich the 'Fower Bri6gk (q.v.) London, opened 
in 1894, is the most obvious example, is the 
modern counterpart. This bridge, opens its cen- 
tral span to allow the passage along the I’hamcs 
of big iships. Aiif ther form of movable bridge 
is Uk .'.vs iiig liridi^. The bridge rests on a cen- 
tral pivot, and can be swung sideways by a 
.system of rollers worked either by manual or 
steam power to clear tlie pas.sage of tAic stream. 
There aic s' lug-bridge's over the river Raritan 
in Nfw Jersey, IbS.A., and also at Kansas City. 
1 heie aie other typt's ol ‘lifti bridges, small ver- 
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sions of which are used a great deal on C.\n.\ls 
( q.v.) to allow for the passage of barges. 

BRTOGES; RAILWAY. These brides vary 
according to the size of opening to be bridged 
and the materials most readily availatJle. Under- 
line bridges, as their name implies, Carry the 
railway itself; overline bridges carry main roads, 
other railways, footpaths, and occasionally 
canals or other waterways, over the railway. A 
lengthy underline bridge with a large number 
of openings is often known as a viaduct. In the 
building of the earlier bridges, the railv^^ay 
pioneers could use only stone or brick, and, later, 
wrought iron. A notable masonry bridge is the 
Royal Border Bridge on the old L.N.E.R. main 
line from London to Edinburgh, which crosses 
the River Tweed just south of Berwick, by 
twenty-eight arches, carrying the rails 126 feet 
above the water. It was designed by Robert, 
the son of George Stephenson, and was opened 
in 1850. Probably the largest single span in 
masonry carrying a British railway is that of 
Ballochmyle stone viaduct, on the old L.M.S. 
bf'twcen Dumfries and Kilmarnock in Scotland, 
of which the centre arch spans 181 feet. 

While masonry or brick are still used for most 
smaller railway bridges and viaducts, and for 
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Suiss Federal Itaitu ova 

mr lANGWirS VIADI’C T on THF RIIAniNN railway, 
sun /I RI AND 

'1 Ilf iinmciisi span of this hriclijf is niaclf possible by the 
use of 1 informed concrete 

overline bridges in particular, the modern 
counterpart for the bigger bridges is reinforced 
concrete. Some very fine railway bridges have 
been built with this material, one of the biggest 
in the world being the Lorraine Bridge of the 
Swiss Federal Railways, in the city of Berne, of 
which the main span, carrying four railway 
tracks, is no less than 492 feet — nearly 200 feet 
wider than the span of any stone bridge. In 
the United States, the Delaware, Lackawanna, 
and Western Railroad Company in recent 
years built the Tunkhannock viaduct in re- 
inforced concrete with ten arches each of 180 
feet span. 

Before th^ advent of steel, some remarkable 
bridges were built with wrought iron, one of 
the most outstanding in Great 'Britain being 
the Britannia Tubular Bridge, which carries the 
Holyhead, main railway line over the Menai 
Straits from North Wales into Anglesey. De- 
signed by Robert Stephenson, and opened in 
1850, this bridge carries the two railway tracks 
across the water through a pair of rectangular 
box girders, set up on «cclge side by side, and 


each nearly a quarter of a mile long. Three 
supporting towers of masonry were built to carry 
the tubes from one main abutment to the other, 
the two widest spans being 459 feet each. An- 
other unusual bridge, made chiefly of wrought 
iron, was Brur^Fs Saltash Bridge, builf to carry 
the old G.WTR. across the river Tamar from 
Devonshire into Cornwall. This ’waterway is 
1,100 feet wide at Saltash, and 80 feet deep. 
Halving the*’span requirec^ by sinking a founda- 
tion in the centre of the river, Brun(jl*dcsigned 
a bridge of which the strength is mainly derived 
from two arched booms of wrought iron, each 
a hollow elliptical tube. Reversed arches are 
used to strengthen the tubes, from which the 
bridge floor is suspended by iron tir-iods. 
Bridges like these would ifot be designed to-dav, 
since steel has now replaced wrought iron; but 
in spite of that, these bridges, with a certain 
amount of later reconditioning arc now carrying 
successfully the far heavier w rights of modern 
railway rolling-stock. 1 

The coming of steel has both simplified the 
building of the smaller bridges and made it pos- 
sible to burid much bigger bridges. The simplest 
form of steel bridge, but suitable only Ibr short 
spans, is that in which the track is carritvl by 
lolled steel beams, .each of an ‘H' section laid 
on its side, one supporting each rail, apd with 
various types of bridge floor connecting th(* 
beams and carrying the ‘ballast {^ee Fig. i). 
Inenvwe have the ordinary plate girder bridge 
in which the ‘H’ is built up with steel plates 
with cross-girders laid at intervals to carry the 
bridge floor, which in its turn carries ballast 
and track {see Fig. 2). For economy in steel, the 
larger girder bridges are of the ‘lattice’ type. 

• Some of the older ones have curved upper 
flanges (called ‘bowstring’ girders, from their 
resemblance to a bent bow vJith its string) {see 
Fig. 3) ; but more conunonly they have parallel 
flanges, and square or sloping ends, with massive 
bracings from upper to k)wer flanges which, from 
their resemblance to a series of capital ‘N’ letters, 
are often called ‘N’ type trusses {see Fi^^. 4). A 
fine example ofjattice girder railway viaducts is 
the Little Belt Bridge, built the-Danish State 
Railways to replace a train ferry", which has 
a centre span of 722 fqpt. The Stor^tropi Bridge 
in Denmark, 2 miles 290 feet Jong, beats the 
British Tay Bridge in length by 71 feet. In 
America an excellent example of the lattice- 
girder type of constr.uction. is the Ohio Bridge, 
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Imilt ifi i88H to (Xii> th( C uu iiiii ili and 
C ()v iiL’^toii Radio id “It caiius two lines ol lail- 
lOcid, twoioadwavs, and two lootp idis on 
spins, the lential one ol winch is Icet 

I ol bigi^er spans :>till, rliiclly ovci waterways, 
the railway tnt;incci his the choice between 
lull and cantilever biidtns In some oj the 
1 luj^e arches, such as the Vie^toiia Falls bridge 
in Northern Rhodesii (binlt in ic)e>5), the track 
is laid above the crown ot the aich (see 1 ig 5), 
this bridge has a*span eil 500 leet, and the rail- 
way tftie k S 420 feet above the Zarhbesi River, 
the gieittst*height above watei,of any railway 
budge With the larger arch spans, the track 
is carried through the (?ntie of the ai h in such 
a w!iy that wherq^s, at the ends of the arch, the 
track is built above it, at the crown the bridge 
floor is suspended from the afth (see Fig 6) 
The bigge sUall-i ailway budge of this type is Hell 
Gate over the East River outside New York, 
caiiyin^ four tracks ovcF a span of 1,017 feet 
The most notSbl arch bridge in •the world, 
however,^i3 the Sydney Harbour Bridgf (q v ) 
in New South Wales, with a clear span of i ,650 
. 4852.4 


lc(t suppoiting loui lailwav tiaiks, a 7 foot 
roadway and two lo-foot lootwavs 

On a laigM ‘calc still arc the woild’s great 
c ukver budges, the chief ot which have all 
been built to cairy railways In Great Biitain 
there is the double line Forth Bridc^i 
(q V ) with Its two 1,710 Icct mam spans, 
Ganada has its Quedi c Bridc,e (q v ), with 
a Singh span ol 1,800 feet across the St 
Lawicnce, suppoiting a double mair-lme lail- 
wciy and a roadway, 111 India the Sukkui 
Budge acioss the Indus spans 790 feet 

Since the building of the Menai Suspension 
Bridot (q V ) 111 1825 by Thomas Telford, 
many iUie road suspenaon bridges have%,been 
built all over the world, some of the most 
recent Amerrf'an examples being of immense 
si/e But while certain of the lattei, such as 
Manhattan Bridge at New Yoik or Oakland 
Bay Budge at San Francisco, carry what arc 
called ‘railway* tracks, these ai e little more than 
glorified tramways. The movement of a full- 
size railway locomotive and train across a sus- 
nension budge would ^ cause such dangerous 
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Tlir BRITANNIA TUBULAR BRIDGE OVER THE ^lENAI STRAITS 
D< Signed by Robert Slcphcmon and opened in 1850 


concentrations of weight on a structure designed 
to carry light distributed loads that no attempt 
has ever been made to build a suspension bridge 
for ordinary railway use. 

Sec also Vol. Vlll: Bridge Bi 11 ding. 

BRIGHTON ROAD. The old coaching- road 
from London to Biighton went from Croydon 
through Godstonc Gicen, East Grinstead, and 
Lewes, wheie it branched, cast to Newhaven 
and west to the little fishing-village of Bright- 
helmstonc. When sea-bathing and the sea air 
became fashionable towards the end of the i8th 
century, the village facing the open Channel 
changed its name to Brighton, and its trade 
from fishing and smuggling to catering for 
visitors {see Seaside Resorts, Vol. IX). 

The fashidnable gentlemen who followed the 
Prince Regent in the 19th ccntur)|to Brighton, 
instead of taking the coaching-road, took the 
shortest possible route through the country-side 
to the coa^t, following country lanes through 
Rcdhill, Crawley, and Cuckfield, and down the 
long slope of Handcross Hill to Patcham and 
Brighton. To-day the modern motor-road 
follows the same route. 


It is just over 50 miles from London Budge 
to Brighton. Pei haps this convenient distance 
decided motoiisls to choose the Brighton Road 
on which to celebrate the repeal in 189b of the 
R^d Flag Act {see Moior-cars, History of). 
Of ih^ fifty-four cars that gathered for the first 
load-race, twenty-one refused to start, twenty 
broke down on the road, and only thiiteen 
struggled into Brighton to be welcomed by the 
Mayoi . Once a ^year, to commemorate this 
event, the ‘old crocks’ still splutter and struggle 
down the road fiom London to Brighton. 

In 1868 a Ml. Ben Trench, wagered that he 
would walle li om London to Bi ightoTi anci back 
111 25 hours. He^id this so easily thaT he amused 
himself and the spectators by walking round 
ajid round Kennington Vval till time was up. 
To-day the annual Stock Excljange Walk from 
London to Brighton attracts some of the finest 
athletes in the ct)untrv. who cover the *^o miles 
in some 7 hours. 

See also Roads. 

BRITISH MUSEUM UBRART. This is one 
of the largest libraries in the world, coipparable 
in size with the BiBLiOTHfequE Nationale and 




the Congress Library (qq.v.). 1 1 contains over 
four million books, English and foreign, and, as 
a copy gf every book, pamphlet, newspaper, and 
magazme’ published in Great Britain must be 
sent to the library (jr^CoPYRi^m r), the number 
i% contiivially increasing. 

ThI: library was founded in 1753, when a 
London physician, S\r Hans Sloane, left his 
valuable collection of books, manuscripts, and 
other treasures to start a nationell museum in 
return ftjf /^20,ooo*paid to his executors. A 
special Act df Parliament was passed to buy the 
collectioT-^ and money was raised by a lotteiy 
to meet the running expenses of a museum. I’he 
collection was first housed in Montague House 
in Lcyidon; but as other libraries were bought 
gr presented, it becaYne too small, and in 1857 
the present building in Bloomsbury was opened. 
To-day, the library is so large that some books 
which are rarely wanted are kept elsewhere, 
and all new'spaners are stored separately at 
Cohndaic lu noifh London. 

In 1810 the library was opened to the general 
public, and to-day anybody can become a 
reader by filling up the proper fo^n. In the 
Reading P )oni {see diagram), is the general 
catalogue which consists of 1,000 volumes. 
Readers write the nuinbty of the book they 
want on a slip of paper, and take it to a library 
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BROADCASTING .CORPORATIONS 
oflkial. A common book is usually brought quick- 
ly, but if a book seldom asked for is needed, two or 
three days’ notice may have to be given. Some 
rare bookstran only be read in the North JL.ibrary, 
which is reached from the Reading Room. 

The Museum library contains a grrat nunjber 
of very rare and valuable books, pikers, and- 
manuscripts, some of them very old. Among 
tjjiese are the Anglo-Saxon historical chronicles 
and the charters of the Saxon Kings, the 
romances of King Arthur, the story of Beowulf, 
and very early copies of Homer’s Iliad and 
Odyssey. There are some famous illuminated 
manuscripts, including the Lindisfarnc Gospel, 
the earliest English translation of the Gospels 
from the Latin, as well as the famous illuminated 
Psalter of Queen Mary. There are books of 
every nationality, and those in Oriental languages 
form a large department on their own. 

See also I.ibraries. 

Sec also Vol. X: Museums. 

BROADCASTING CORPORATIONS. i.The 

British Broadcasting Corporation (B.B.C.) 
was set up by Royal Charter as a public utility 
undertaking, and is not allowed to make any 
profits. It broadcasts under a licence granted by 
the Postniastcr-CJeneral, whg is the final authority 
lor wireless in this country, whether telegraphy 
or the spoken word. This licence lays down cer- 
tain technical regulations, and prohibits the 

*b(]. from broadcasting programmes which are 
1 l Gicially backed by anyone but itself; that is 
to say, the B.B.C. may not broadcast commercial 
or ‘.sponsored’ programmes for advertising. The 
Postmaster-General has by the terms of the 
B.B.C, licence the right of veto over all pro- 
grammes; but this is never exercised in practice. 
T-’ho only general restriction in force Is that the 
B.B.C. must not broadcast any opinion of its 
own upon current affairs. Government depart- 
ments have the right to ask for their special 
annou.f cements to be broadcast, and there is 
provision for the Government to take o^r the 
service in time of national emergency. This right, 
however, has^never been exercised, even in war- 
time. 

Otherwise, the B.B.C. has complete inde- 
pendence in the conduct and control of its day- 
to-day business. I'he money needed to run its 
programmes for British listeners and viewers 
comes from the sale to the public of receiving 
licences (less a pcrcetjtage retained by the issuing 
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BROAnCASTING HOUSP, PORT I AND PLACE, LONDON 

The headquarters of the H B.C. It contains offices where piogrammes are 
planned and studios from whi< h they are broadcast 


authority, the Post Office, to cover its administra- 
tive costs), and from the profits earned by its 
own publications. Iq, 1953 there were approxi- 
mately 10 million ‘sound only’ and 3 million 
television licences. Programmes directed to 
places outside Britain are paid for by money' 
voted each year by Parliament. 

The first British Broadcasting Company was 
set up in December 1922. A number of manu- 
facturers asked the Postmaster-General for per- 
mission to broadcast (as they had to do by an old 
telegraphic law) ; but it was agreed that, instead 
of several companies being allowed to broadcast, 
the right should be given to a new joint company 
representing the chief manufacurers. This com- 
pany ran broadcasting in Britain for 4 years. 
Then, on the advice of a Government committee 
of inquiry, the present Corporation was foimed 
to take over. the work of the company and its 
staff; buildings, and plant. The General Manager 
of the company, a Scots engineer named J. G. W. 
Reith (later Lord Reith), became Director- 
General of .<-he Corporation. 

The B.B.C.’s charter is periodically renewed 
by the Government (usually for a spell of 
10 years) after a debate on broadcasting has 
been held in Parliament and approval of the 
Corporation’s work has been given. 


At the head of the B.B.C. 
is a board of' seven governors 
appointed by the Crown on 
the advice of the ^ Govern- 
ment. Under this governing 
body is a board of manage.^ 
ment, headed by the Direc- 
tor-General (the chief execu- 
tive officer of the B.B.C.) and 
made up of the Directors of 
Technical Scrviccs»«^ Home 
Broadcasting, Overseas Ser- 
vices, Administratjdn, and 
the Spoken Word. Under 
this Board of Management 
are the many heads of de- 
partments. Altogether more; 
than 1 1 ,000 people are em- 
ployed on the staff. 

The B.B.C., with regional 
headquarteij in many .parts 
of Britain, fhas established 
a new ‘Radio City’ for tele- 
vision broadcasts at Shep- 
herd’s Bush in London. 

2. Independent Television Authority. An 
important change took place in 1954. For 30 
years Britain had supported the Monopoiy sys- 
tem (q.v. Vol. VIT); nobody but the B.B.C. 
could hroadi ast, and no adveilismg was allowed 
But w hen television grew popular, it was claimed 
that it was too costly to be paid for by viewers’ 
licences alone, and that adveitising should be 
allowed; it was also claimed that rivahy between 
the B.B.C J. and a new television body would im- 
prove programmes. 

After much discussion, a Parliamentary 
majority voted that an Independent Television 
Authority should be set up, run by governors 
and a Director-General, to broadcast ‘^sponjored’ 
programmes linked with advertisers’ .names. T'hc 
I.T.A. had to provide the organization and tech- 
nical plant for regular tr^smissions, but was not 
to** plan or produce the actual entertainment. 
This was to be arranged by various private con- 
tractors, on beha][f of individual advertisers, each 
contractor paying for both the entertainers’ fees 
and the transmission costs incurred by the Inde- 
pendent Television Authority. 

Strict rules were made to limit advertisers’ 
influence in programmes, in contrast with the 
absolute freedom allowed in America. 

3. American Corp9RATions. Broadcasting in 



America is run in a different way. The money 
which is needed to pay for transmitting stations 
and bfioadcast programmes comes almost en- 
tirely^ from advertisers who use the programmes 
t6 make their goods krtown. During a broadcast, 
annouricements are made at intervals about 
named brands of cigarettes, motor-cars, or other 
goods. Iaslc?ncrs need no licence and pay no fee. 
It is claimed that this system earns very large 
incomes for programme organisers, enabling 
them to .engage the most expensive musicians 
and other eiitertainers. 

There •arc over a thousand stations in the 
United States. They are mainly owned by local 
companies and operated by their own engineers. 
I’he stations do not provide their own principal 
programmes, howe>?er; these arc supplied to 
them over a trunk telephone line by one of the 
‘networks’, as the big radio corporations are 
called. Chief among these corporations are the 
National Broadcasting Company, Columbia 
Hroauccisiiiig (4)01} any, Mutual Broadcasting 
System, and the American Broadcasting Com- 
pany. Each of these bodies, although itself 
ovMiing only a few stations, jirovido*; main pro- 
grammes fe scores ojr even hundreds of others. 
Soifietimes, il a very im})ortant programme is 
being broadcast, these ‘networks’ of telephone 
lines su]:)]i4ing local stations sti'ctch right across 
I lie United States ^from the Atlantic to the 
Pacific. 

A few broadcasting stations in the United 
Slates are indc])cndcnt of advertising and the 
‘hook-u])s’ c)l the ‘networks’. These are a hand- 
ful of stations the costs of which are paid by 
such liodics as universities, church orgaui/ations, 
and so on. 

4. COMMONWI- AT TII (^OU* PC )RA1 IONS. Broad*» 

casting sei vices in Commonwealth countries, 
though diy'enng*in other ways, ha\;p one thing 
m common,with th B.B.G. ; they are all publicly 
owned. I'hc New Zealand Bfoadcasting Ser- 
vice, w\ll India Radio,. Ceylon Radio, and the 
Pakistan Broadcasting Service are d artments 
of their Governments, l^he Australian Broad- 
casting Commission is appointed by the Federal 
Government; tlfe Canadian Broadcasting (Cor- 
poration a'hd the South African Broadcasting 
Corporation (which was jnodelled on the B.B.C.) 
are public igili" corporations, ^ set up by 
the Dominion Go\/cmments. 

An iiflportant dift'crence from the B.B.C. is 
that none of these services is forbidden to ‘sell’ 
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programme time to advertisers. In Australia 
and Canada independent private stations are 
also allowed to be run. 

Scr .llso \rol. IX; BrOADCASHNO PROClRAMMlfs. 

BROADCASTING, HISTORY OF. The -first 
regular broadcasting station in the world was* 
opened in America on 21 December 1920, at 
East Pittsburgh, Pennsylvania. ’ Broadcasting 
came to the world suddenly, just after the First 
World War, when the public was little prepared 
for it. For nearly 20 years wireless telegraphy 
had been established, although still regarded as 
a marvel {see Wireless, History of). During 
the same time the telephone had giown in use, 
though few homes had telephones {see Speech, 
Transmission of, and Telephone). The joining 
together of telephoned speech with the practice 
of wireless telegraphy was achieved towards the 
close of the First World War to help military 
aeroplanes, as well as ground troops. In 1919 
demobilized airmen and radio operators brouglit 
back to civil life a knowledge of the fascination 
of wireless, of which the general public knew 
nothing. Large numbers of wireless sets and 
spare parts which had been used by the armed 
forces were sold by the Government. Many 
people, including countlessi schoolboys, took up 
wireless as a hobby. They designed, built, and 
operated their own sets, not only for receiving 
but for transmitting. They were granted cxpcii- 
i». nters’ licences by the Post Office, and used 
ti • r microphones for conversation with other 
people who owned transmitters. Some of them 
took to playing gramophone records in front 
of their microphones. Useful knowledge was 
gained which greatly helped professional experi- 
menters working for telegraphic companies. 
Speech and music were transmitted from the 
Marconi Company’s experimental station at 
Chelmsford, Essex, in 1919. A handful of 
amateurs were the ‘listeners’; they heard a 
speakf i reciting the names of the British railway 
systems and their London stations* 

I’he first j)rogrammcs — a nightly half-hour 
containing news, instrumental music, and songs 
— were put out by the same station between 
23 February and 6 March 1920. But*other users 
of the wireless, such as shipping and military 
authorities, complained that these broadcast 
tests interfered with their services. So broad- 
casting was stopped for some months. 

Later two famous«iitgcrs, Dame Nellie Melba 
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DAME NEl LIE MELBA BROADCASTING FROM TIIF MARC ONI 
STATION AT CHELMSFORD, I5JUNL I920 

The programme was heard all over Euiope 

and Lauritz Mclch^nr, made test broadcasts. 
In December 1920 the Postmaster-General was 
asked by the Marconi Company to license a 
weekly half-hour of speech, music, and Morse 
telegraphy. He refused, fearing the broadcasts 
would hinder regular telegraph services. In the 
same month America started regular broad- 
casting from Pennsylvania. The station’s identi- 
fication letters, KDKA, became famous, for in 
those days every station used to announce its 
registration letters or numbers. Other stations 
began to be built throughout America, and 
within 3 years there were more than 500 
stations in that country, and millions of listeners. 
A year later, after sixty-three societies of British 
amateur experimenters had petitioned the 
Postm^ter-Gencral, the Marconi Company was 
allowed to transmit a 15-minute programme of 
speech and music once a week. I’he first pro- 
gramme went out from Writtle, near Chelmsford, 
on 14 Febr^Ja^y 1922. These programmes were 
wholly an engineering enterprise, the pro- 
grammes being planned and presented, and the 
transmitter operated — all as a spare-time task — 
by members of the Marconi Designs Depart- 
ment. Capt. P. P. Eckereloy (who later became 


the B.B.C.’s first Chief Engineer) led this team 
of pioneers, and himself took a foremost part in 
the programmes from Writtle; his amusing un- 
scripted broadcasts were widely enjoyed.*’ ^ 

Within a few months fnore than twenty tele- 
graphic and other companies applied for rights 
to broadcast’, and the Marconi Company had 
started speech transmission from Marconi House 
in the Strand in London — the first station to 
use the famoAs call sign 2LO. The Postmaster- 
General called a meeting of the manyfacturers 
concerned, and it was agreed thal they would 
be best sei'vcd by a unified system h\' broad- 
casting, operated by a single Company. Their 
first programme, the announcement of General 
Election results, was broadcast on 14 NovDmbci 
1922. 

The new Company started with three stations, 
London, Birmingham, and Manchester, and 
set up others at Newcastle, Cardiff, Glasgow, 
Aberdeen, Bournemouth, and Belfast. Relay 
stations were opened in elevji other centres. 
A 15-kilowatt transmitter — regarded as ‘high- 
power’ in those days — began test transmissions 
fiom Chelmsford, and was later moved to 
Daventry; from this systerp arose the later plan 
that gave li.steners a choice between a ‘NatiouaP 
and a ‘Regional’ programme. 

During the first year of broadcasting the 
usual form of receiver was tjie ‘crystal set’, made 
with a fragment of a selected mineral, whose 
crystal structure enabled part of a wireless 
oscillation to pass through it, and any sound 
borne by that oscillation to be heard in an car- 
piece similar to the telephone’s. Contact with 
the crystal was made with a thin metal thread 
known as a ‘cat’s-whisker’. Sounds were very 
feeble, and in order to hear programmes, even 
in the earpiece, a high or long aerial had to be 
erected, wejl above all neighbouring hoyscs if 
possible. Hundreds of thousands of /.all wireless 
masts rose froiA the back gardens of Britain. 
But soon manufacturer^ devised valve sets, in 
wliich thermionic valves {see Speech, Trans- 
mission of) not only detected the brbadcast 
sounds, but strengthened them enough to be 
heard in a loudspeaker. Much sn>aller aerials 
could then be used. 

For some years broadcasting was thought of 
as entertaingicnt by sound only, ^ut in 1936 the 
B.B.C. began a public service of Television 
(q.v.) ; this at first made little appeal, add ceased 
in the Second Wor^d War. Later, however, 



television became an important rival of ‘sound’, 
and the Independent Television Authority (^ee 
Broadcasting CoRPORAnoNs) was set up to 
compete with the B.B.C. 

Sec also Broadcasting Corporations. 
alsoVol. IX: Broadcasting. 

BROADCAST, NEWS, see News Broad- 
casting. 

BULGARIAN LANGUAGE, see Slavonic 
Languages. 


BUOYS. These are anchored floats. Buoys 
play an important part in communications, for 
they are used not only for the securing of ships in 
rivers and harbours, but also to mark channels, 
the edges of shoals, dangerous submerged wrecks, 
anchorage grounds, and so on. Their positions 
and descriptions are shown on charts, and so 
give the mariner invaluable help in the naviga- 


tion ot hiS ship. I 

In this country that 
side of the channel which 
is on the right hand of a 
ship going with the m^in 
streftm of the flood tide or 
entering a harbour from 
seaward is marked by 
starboard (or right) Ivmd 
buoys, which are all coni- 
cal in shape and painted 
black or in black and 
white chequers. Port (or 
left) hand buoys, which 
mark the left-hand side 
under similar conditions, 
are can-shaped and are 
either red or red and 
white*cheq«ers. Middle 
grounds, \Ybich arc shoals 
or shallow places in the 
middite of 9. navigable 
channel, are marked by 
spherical buoys. * 

Colour is an impor- 
tant factor in distinguish- 
ing one buoy from 
another^ and many buoys* 
carry easily reiShi^ lizable 
topmark| in the form of 
crosses, spheres, cones, 
diamonds, &c. Wrecks or 



a. b. 


I'VrES OF BUOYS 

i. Port-hand buoy 
(fl) unlighted, (b) lightrcl. 

ii. Starboard- hand buoy 
(a) unlightcd, (b) lighted. 

iii. Spherical buoys 
(a) unligh#ed, (b) lighted. 
In i(a) or ii (a) there is not 
always a topmark (upper 
shape). 

The shaded part is red. 


I BURMA ROAD 

obstructions are marked by green buoys, and 
other special types are used to mark specific 
dangers. 

Many buoys exhibit a light, but it is invariably 
an intermittent light to avoid confusion with the 
fixed lights in ships. Such buoys art? usually lit 
by gas from a reservoir within the buoy. The 
older light buoys exhibit their light day and 
night; but they are gradually being superseded 
by buoys which automatically light up at sunset 
and extinguish themselves at dawn. Some buoys 
emit a warning noise, either from a bell or from 
horns and whistles. The whistles on the buoys 
are v/orked by the ingenious Courtenay device. 
Running down inside the buoy there is an air 
cylinder, the lower end of which is open to the 
water. When the buoy is in the trough of a 
wave, the water reaches a higher level within 
the cylinder, and the imprisoned air is forced 
out through the whistle or horn at the top of the 
buoy. As the buoy rises on the crest of a wave, 
air is drawn into the cylinder through two tubes 
which are fitted with valves so that air cannot 
escape through them. A post-war innovation 
is the introduction of buoys specially designed 
for use in connexion with marine radar in- 
stallations (see Radar, Vol. VIII). 

See also Navigation, Marine.* 

BURMA ROAD. The Burma Road is the 
Kind-link between China and India and the 
• Vst and runs from Rangoon, the capital of 
i'.inna, to Chungking in China, a distance of 
2,100 miles. Until the Sino-Japanesc War, and 
the capture by the Japanese of all China’s long 
coast-line, only tracks, some of them very 
old, had crossed this formidable country. The 
Chinese constructed the first section of the road 
1934 5, but the most spectacular part, the 
726 miles lying between Kunming and Lashio 
in Central Burma, was built hurriedly between 
December 1937 and November 1938 when the 
JapaD-se blockade was threatening to cut China 
off entirely from the western world. 

The greatcf part of its course is through wild, 
uninhabited, and very mountainous country, 
though it occasionally runs through the main 
street of an old Chinese town which has seen 
little change for thousands of years. From Ran- 
goon the road runs through hot plains and rice 
fields to Mandalay, on to the new town of 
Maymyo, then through the Goteik Gorge to 
Lashio, 120 miles frdhi the Chinese border. 



BURMA ROAD • 
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From Lashio it rises steeply to a height of 5,000 
feet, then drops as steeply to the valley and to 
the town of Kutkai. After a climb to about 
10,000 feet, it plunges down tllrough some of the 
most magnificent scenery in the world, to Ihc 
hot, steamy, fever-ridden valley of the Salween 
River, which it crosses by a suspension bridge 
250 feet long. Then the road climbs again 
before it descends to the walled city of Paoshan. 
Another suspension bridge and many sharp- 
angled, hairpin bends carry the road to the 
Mekong Gorge, and to Siakwan, where the face 
of the cliff had to be blasted away for nearly 
a quarter of a mile. Wild country lies farther 
east, and the road climbs over four high passes: 
then the land slopes gradually to the fertile 
rice lands round Kunming, the capital of the 
Yunnan Province. 1 urning north-east ft climbs 
more high "mountains and eventually reaches 
Chungking, the war-time capital pf China. 

Nearly 200,000 people were employed on 
building the road, each village for hundreds of 
miles around being forced to supply its quota of 
labour. Some of these villages were so remote 
that thousands of the conscripted men did not 
even know that their country was at war with 
Japan. They worked under expert supervision, 
but their tools were of the^most primitive kind. 


Rock was cut by hand; earth was removed in » 
small baskets and often carried away on the 
backs of women and children; stone rollers 
were drawn by coolies or by water buffaloes. ^ 
Over 289 bridges had t(^ be built across ravihes 
and rivers. 

The question of repairing the road ’was a 
serious problem. The cutting and 'blasting had 
so disturbed the slope ot the mountains that 
heavy rains ^caused whole hillsides to slide, so 
that the road might be blocked for*days at a 
time, and coolies had to work in torrential rain 
to clear a way. Often lorries, piled •high with 
supplies, sank axle deep in the loose gravel at 
the side of the road. After the road had been 
open for a little, modem road-building equip- 
ment from the west was iinported to keep it jn 
repair. 

In 1943, when the Japanese had conquered 
Burma and made it impossible for the Burma 
road to be used, it became necessary to •extend 
it into India to reopen a landiiink with China. 
This meant that another 400 miles of load had 
to be built from the Upper Brahmaputra Valley 
in India tr Namkhan, where the road joins the 
Burma Road, through co, untry over which only 
mule tracks existed. In some ways this exten- 
sion, called the Lc^o Road, from its starting- 
point, the village of Ledo, was an even gieatei 
engineering feat than the, Burma Road. Over 
mountains and rivers, through dense bamboo 
forcstL and jungles, and against strong Japanese 
resistance, the road advanced at the rate of i 
mile a day, so that by January 194 r, i}ic Ledo 
Road was finished and traffic moved along it 
to the help of the Chinese. 

See also Vol. Ill: ftuRMA; China. 

• Sec also Vol. VIII: Road Construction. 

BUS. Thft coming of the motor-busi has Jiroken 
down the isolation of villages, opeiacd up areas 
in which the railways could not afford to build 
lines, and increased the lize oftowns by enabling 
people to live a long way from their work. The 
design of buses takes many forms. There are 
the combined passenger and freight vehicles, 
usually consisting of a lorry cRassis with special 
springs. Vehicles of this type are used in South 
Africa and other area% where dcvclopn^ent is in 
its early st^cs. Small buses vmve much used, 
particularly in Britain, before the Second World 
War. They are still in use in the rural parts of 
British Commonwealth territories. These buses 



scat up to twenty passengers; they are suitable 
for operation by one man, acting as both driver 
and conductor. In Britain special permission 
is neceSsa’ry for buses with more than twenty 
seats to be operated by one jnan. The large 
type of single-deck bus is the most generally used 
' throughout the world. 'Hie double-decker bus is 
very commern in Britain and in Commonwealth 
cities, and a small number is to be found else- 
where; but, like the double-decker* tramrar and 
trolley-bi\f, it is a type peculiarly British. 

Attempts ITave been made from lime to time 
to evolv^ international standards for the dimen- 
sions of ‘public service vehicles’— the official 
term now in general use. Regulations vary from 
country to country and, in the United States, 
from State to State. I'hc length of buses in 
Britain is limited to 30 feet for a normal single- 
deck vehicle, 27 feet for a four-wheel double- 
decker, and 30 feet for a six-wheeled bus. It is 
only since the Second World War that British 
buses ana tiolle^i-Lases have been permitted an 
8-foot width instead of the older limit of 7 ft. 
6 in. The wider vehicles may be used only on 
roads which have been authorized. /Ihe many 
narrow st’ ects in Britain account for these 
limitations; vehicles abroad are often larger. 
The maximum lieight penyitted for a double- 
dec ker in Biilain is 15 feet, Imt most are 4 or 
5 inches less than tl^is, wliile others, designed 
specially to pass beneath low bridges, have a 
sunken gangway on the upper d* * V »nd * a 
correspondingly lower height. A single-seater 
bus, fully loaded, must be able to be tilted to an 
angle of 35 degrees without overturning; the 
angle for a double-decker is 28 degrees The 
ncnmal four-wheeled double-decker scats fifty- 
six passengers, and the distance between scats is* 
governed by regulations. 

lairger lyjscs to-day are fitted ^ilmost in- 
variably witji oil - ngines, as these have been 
developed to a stage where fhey arc more 
economical to run than petrol-engi nes if a vehicle 
is kqpt well employed. In British bu s the oil- 
engines tlevelopcd in recent years have tended 
to increa.*e in horse-power; ma^iy use 120 h.p. 
The engines *of American buses are sometimes 
as large as 280 h.p. The reason for this very 
high powet is that most yf the American buses 
are worked by man, owing to t^c high cost 
of labour. The bus therefore needs a high rate 
of accelcftition to offset the time spent by the 
driver in collecting fares aj; stops. 


BUS 

• 

Public service vehicles in Britain arc not sup- 
posed to travel at more than 30 miles an hour, 
and time-tables must be worked out so that they 
can be kept within this speed. Oil-enj?ines are 
fitted with a mechanical governing device so 
that very high speeds arc not possible, •but 
coaches under test in Britain for delivery to * 
foreign countries have reached speeds of 65 
njiles an hour. The climbing ability of a bus 
can be varied by altering the ratio of the gear- 
box {see Gearing, Vol. VIII). Usually any 
coaches or buses which are intended for long- 
distance work are given a higher ratio, because 
of the amount of continuous running which they 
do without making stops. Where hills are 
particularly severe, special gears arc fitted, and 
sometimes special brakes. The ordinary bus, 
however, can achieve a great deal; in South 
Wales there is a regular service up a hill with 
a gradient of i in 4J. 

Bus services reach almost every corner of the 
British Isles. The London Transport Execu- 
tive (q.v.) has more than 7,000 vehicles, while 
at the other extreme there are some i,f)Oo 
owners who each own one bus only. There weie 
more than bo, 000 public service vehicles in 
Britain at the beginning of 1949, compaic'd 
with 58,700 in the Unitcd#Statcs. This is be- 
cause many more people use private cars in 
America. 

Both in America and on the continent of 
' irope it is the custom in many cities to have 
« standard fare payable whatever distance is 
travelled. If the route is a long one, it is divided 
into zones. On those routes in the United States 
where buses are operated by a single driver- 
conductor, the passenger pays when boaiding 
the vehicle; he pays again when alighting if he 
has travelled beyond the boundary of the zone 
in w^hich he boarded. One-man operation is 
not so common in continental Europe, but there 
the conductor often sits by the door and is paid 
by pa‘ ‘'cngers as they enter. Thev leave the bus 
or tram by a separate door whicli* is, lilce the 
entrance, pneumatically contrcHed by the con- 
ductor. In some cities books of tickets may be 
bought in advance at offices, and used to pay 
the fare on any bus. In Britain this practice is 
not followed, except for school-children’s tickets 
issued in some areas. 

The modern motor-bus is a descendant of the 
horse omnibus. The first omnibus was started 
in Paris in 1820. Nirte years later a coach 




<f, milLLIBEEl?, induced by the univcrRol admiration the above VehJ^Ic^ called lorih 
at PARIS, ha« commenced running one upon the Partman mode, from 

PADDINGTON to the BANK. 

The Superiority of this Carriage over the ordinary Stage Coachea. for Comfort and Safety, 

%/lll the Passengers heing Inside^ 

And the Fare charged from PADDINGTON to^thr B\NK lieinir * 

ONE SHII^LING, 

And for Half the Disiancts 

ONLY SIXPENCE, 

'iVIll, the Proprietor truatot enanra for him that decided support, which, in the 
emadueting this Vdiiele, it wiU always be his anxious endearour to deserre 

sonas OF staktinoi 

Fi PaddingtoB Omen to the Bank, at 9, 13> S> u» 6 oseloek. 

Anoi tii« Bank t» Patldingtoii, at 10, 1, 4; 7> and 9 o'clock. ^ 

liawtett* BilmMf, tMatan, 10, VMk SmM, IMw. 


THE HRST BUS AND SHILLIBEER’s HANDBILL ADVERTISING THE SERVICT* 



BUSH TELEGRAPH 


builder named Shillibcer, who had worked in 
Paris, started a bus service in London, with a 
bus dra^^n by three horses. It ran between the 
City acid a public-house near Edgware Road 
called The Yorkshire Stingo. Other buses were 
stdrted in various parts of. London,, .and within 
twenty-two years uncovered seats were built on 
the roofs of vehicles. These were the forerunners 
of our present double-decker buscs.^ 

Buses were started to get business men to their 
offices, anfl fc^j* a number of years they were not 
used by .ordinary working people, who con- 
tinued to walk to and from their work. I’his 
was not only because there were comparative!) 
few buses, but largely because a fare of a few 
pence was more than they could spare from tlu' 
v\ages then paid. 

In those days there was little control of traffii 
in ihe more crowded streets; stopping places 
were not at fixed points, and rival buses used to 
comp.** ‘nr passengers, the conductors, w^ho did 
not wear uniform’, trying to persuade passers-by 
to board their own buses. At busy times of the 
day buses would race through the streets against 
one another each hoping to get first 'tO the next 
street crossn^ where would-be passengers were 
likeiy to be waiting. 

By the last part of the isc)th century owners 
of groups of buses were beginning to amalga- 
mate and to buy up ®nc another’s concerns. At 
the same time Tramways (q.v.) were comi^ig 
into use in south London and in some pro\^ncial 
cities. The London (General Ornnilnis Company, 
formed in ifiBfj, soon acquired several hundred 
buses. 'I’liis fleet grew, in couise ol time, into 
the present fleet of London^ Transport buses. 
Early in the soth century rnotoi -buses came 
into use, and within a few years they had com- 
pletely replaced l;orse-l)uses. 


the public road has to be provided for them to 
stop; this is particularly important when they 
may be stationary some time or when large 
numbers of passengers are going to get on or 
off. In Britain, stations were established in 
London and at Canterbury and Maidstoncf in* 
the early ’twenties. The largest is the coach 
station in London, near Victoria railway station, 
where, at holiday times, 1,200 coaches bringing 
in 40,000 passengers have been handled in 3 
hours. In 1948 more than six million passengers 
passed through the station, using on an average 
850 coaches a day. 

A coach station of this size needs large offices 
for the control staff, which include regulators, 
supervisors who represent the bus and coach 
companies using the station, and the booking 
officials. These latter have to sec that no more 
passengers are booked for a coach than it has 
seats, that relief vehicles are provided when they 
are needed and allowed (most bus and coach 
licences limit the number of extra journeys 
which may be worked on any one d<iy), and 
that seats are kept for jjassengers wffio have 
booked plac es to board tlie coach at some point 
on the road. 

Most stations are used by both buses and 
coaches. They vary in sizc^from those in pro- 
vincial cities, such as Leeds and Nottingham, to 
small wayside stations Avhich exist mainly to 
.e-ovide food for long-distance coaches. There 

• many of these in the United States where 
d^aances arc very long. New town-planning 
schemes now produced in England usually in- 
clude a bus station, although the sites chosen 
have often been criticized for being too f.ir from 
the shopping centres to and from which most 
passengers w ish to travel. 

occ also Brs; Moiou CoAGii. 


BUS AND <30ACH STATIOJ^S. There are 

now so many buses and coaches that space oil BUSH TELEGRAPH, see Signals. 
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CAB, see Taxi, 

CABLE. A vital part is played by cables in 
telegraph and teleplionc coinmunicalion, both 
on land and across the sea. 

I. Land Cables. Long before the telephone 
was introduced to this country, and while 
telegraphy was still in its infancy, the possibility 
of using underground cables instead of overhead 
wires was being considered. The earliest cables 
had conductors of copper wire insulated from 
each other by gutta-percha, a substance rather 
like india-rubber, and a cable of this type was 
used for telegraphy as early as 1847. 

With the advent* of the Telephone (q.v.) in 
1876 the use of overhead wires increased materi- 
ally, but as the transmission of speech was only 
satisfactory over short lengths, the use of gutta- 
percha-covered cable was restricted to towns; 
between towns, telephone and telegraph wires 
were still carried overhead. It was not until 
1891, when the forerunner of the type of cable 
in use to-day was introduced, that it became 
practicable to use long lengths of cable for 
telephony. In this type of cable the copper 
wires, after l)cing insulated wdth wrappings of 
paper, are twisted together in pairs and groups 
to form a cylindrical core of wires, which is then 
enclosed in a lead sheath. The first ^experi- 
mental long-distance telephone cable of this 
type was laid between London and Birmingham 
during 1897-9. 

The thickness of wires needed for speech in- 
creases with the length of a circuit, but there 
are limits ’to the thickness of wires that can be 
provided in cables. The closeness of the wires 
to each other in cables also interferes with speech 
over long distances; but this has been mostly 
overcome by joining up inductance coils {see 
Induction, Vol. VIII)^n^the cables at definite 


distances. The whole problem of telephone* 
transmission over long distances was not satis- 
factorily solved until the invention of the wire- 
less valve {see Wireless). By using, valve, 
amplifying equipment,* similar in principle to 
the domestic wireless set, it is possible t9 make 
good the loss of power over long-distance cables. 
The valve acts as a repeater, so that two tele- 
phone subscribers 400 miles apart sound as if 
they were no more than 40 miles apart. Equip- 
ment of this kind for use on the Lonj|on»-Liverpool 
cable was first installed at Birmingham in 1916. 

Telephone and telegraph cables* are very 
expensive, and various methods of oVjtaining 
more circuits than there are wires in a cabh' 
have been in use for many years; but it was not 
until high-frequency methods were developed 
(as used in wireless communication) that gieat 
advances were made. A system for carrying 
twelve simultaneous conversations on each pair 
of wires in a cable was perfected and first intro- 
duced between Bristol and Plymouth in 1937, 
though multi-channel working (as this system 
is called) was used experimentally for trans- 
mitting telegraph messages as early as 19'ifi. 

The number of simukancous conversations 
which can be sent over wires in cables is liimted ; 

SUBMAKINK TKI.KQHAPU UOU^AKY 



CABLE FROM TURIN TO LONDON DATED 



but with the coaxial cable, a new type now in 
use, in which one of the conductors is a hollow 
copper tube and the other a solid copper wire 
running* through the centre of the tube, 600 
* simultaneous conversations can. be carried. Al- 
though multi-channel working enables the 
number of conductors in a cable to be reduced, 
complicated • electrical equipment similar to 
radio apparatus has to be installed at each end 
of tlie cable to work the system. • 

2. Se/# Pables. Cables laid on the bed of the 
sea have to withstand great pressures, except in 
shallow Abaters, and the conductors are usually 
embedded in a solid core of gutta-percha or 
balata, a substance similar to gutta-percha but 
having improved electrical properties. This, in 
turn, has a protective ‘armour’ of windings of 
steel or iron wire covered with a layer of tarred 
jute or hessian tape. In shallow waters it is 
possible to use cables with paper insulation, 
ralher*similar to ordinary land cables, but these 
cabich ueai the sac*e have extra protection, as 
they are more likely to be damaged by ships 
[see Cabj E Ship). A submarine cable for tele- 
graphy was laid across the Straits Dover in 
1830, and aic first satisfactory telegraph cable 
across the Atlantic was laid in 1866. 'lelegraph 
SCI vice to India, Singappre, Hong Kong, 
Australia, Africa, and South America was 
established within ^ few years. Submarine 
cables for telephony are of similar design to 
those for telegiaphy; but as in Dnd oables, 
transmission problems restricted their use at 
first to comparatively short lengths. Telephone 
service between London and Pau.s was first 
opened in 1891, using a spc' ially designed cable 
across the C Channel. A cableNaid between Ire- 
land and the west coast of Scotland made it* 
possible to introduce a London-Dublin tele- 
phone, service in *1893. Many othei; telephone 
cables to the, Continent and between the British 
Isles have since been laid, and,^n 1937, multi- 
channel telephony ovqt submarine cables of 
coaxial type was introduced betwe England 
and Holland. * 

The lange of working of mujti-channel tele- 
phony over subrftarinc cables has been limited 
in the past because amplifying equipment could 
only be ^tted at each enjf of the cable. Within 
recent years th(% T ritish Post Office ^as designed 
the first submarine valve amplifying equip- 
ment in tTxe world, which was successfully tested 
for 2 years in a cable in fallow water linking 


GABLE SHIP 
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the Isle of Man with North Wales. The equip- 
ment consisted of several small valves inserted 
witliin the thickness of, and protected by, the 
normal arAouring of the cable. The Current 
which operates the re[)eater valves is supplied 
from the shore through wires within •the cable. ^ 
Two spare valves are embedded in the^ cable; if 
one of the valves in use becomes faulty, a spare 
ca/i be switched into use in its pla(!e by electrical 
control from the shore. Equipment of this kind 
may come into use in ocean cables if means can 
be found of protecting the valves from the 
pressure of the sea at great depths. 

Srr .'ilso J n fgrapiiy; Tti h>honf Si kvic i s. 

See also Vol. VIII: Cahi fs, Eia ( iricai , 

CABLE RAILWAY, see Moun'iain Railwa\s. 

GABLE SHIP. This is a ship which lays tele- 
graph or telephone cables in the bed of the sea, 
and carries out repairs on them. Gable ^hips vai \ 
in si/.e, but the largest tank of a large cable ship 
can store up to i ,000 ria utical miles of deep-sea 
cable. Such a ship usually has four tanks, and 
can carry a total of some 3,000 miles of cable in 
all, which weighs between 5,000 and 6,000 tons. 

Gable ships arc equippetUwith a huge sheave 
or pulley wheel at each end of the ship, over 
which the cable is pulled in or paid out; in the 
holds arc tanks in which the cable is stoied. 

hey have paying-out gear which prevents the 
V ble being strained when the ship rises on top 
of a wave in stormy weather. About 200 
nautical miles of deep-sea cable can be laid in 
a day, but perhaps only between 70 and 120 
miles of heavier shallow-water cable [see Cable, 
Section 2). Ballast tanks arc used to keep the 
ship in trim when paying out or recovering long 
lengths of cable. 

If it should be very stormy, and the cable 
ship, hampered as she is by being attached to the 
cable be endangered, the cable would be cut 
on board, and a buoy attached to the sci end. 
The buoy and cable could then be recovered 
when the danger had passed. 

Although cable-laying is now a comparatively 
rare duty, a cable ship is essential for repairing 
the breaks which sometimes occur. Much of the 
damage suffered by marine cables occurs in 
comparatively shallow water and is caused by 
ships’ anchors or by the boards attached to the 
trawls of fishing-vess«b.* Sometimes this trouble 
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LAYINr, THE FIRST ATLAMIC CABLE IN i8j7 

This cable was not satisfactory and was replaced by anothei* in 1866 


can be avoided if the cable has been laid in a 
trench in the bed of the sea. The trench is cut 
by a marine plough towed by the cable ship, 
w'hich automatically lays the cable in the trench. 
Repairs to deep-sea cables involve linding a 
break in a cable which may be several tliousand 
feet down. For this, special electrical measuring 
instruments are u.sed, and skilled navigation is 
needed to reach the exact site of the damage. 
When the break has been found, a grapnel 
attached to a strong rope made of manila and 
steel wire is dragged over the ocean bed, until 
it hooks the cable. If the water is very deep, 
perhajDS 2 or 3 miles deep, and the ^able 
is not broken completely into two, it may be 
too heavy to lift. In this case it^has to be cut 
by a slicing device which is lowered to the 
bottom of the sea on a rope. One end of the 
cable is hauled on board, tested, then let out 
with a buoy attached which keeps the end 
adoat. Next the other end is grappled for, and 
hove on board, where it is spliced to a new 
length of cable. The ship then moves back to 


the buoyed end, which is li^iulcd on board again 
and jointed and spliced to 'the other end of the 
new length. I'hcn the repaired cable is dropped 
back to the bed of the ocean. 

A notable vessel in the early days of cable- 
laying was the Gkkat Eastern (q.v.). When 
cable-laying w^as begun, any type of suitable 
ship used to be ^chartered; but it was later 
‘realized that this technical work needed a special 
type of vessel. The most recent triumph ol 
cable-lay it^ resulted in Pluto ^Pip^ Line 
Under I'he Ocean) (q.v. Vol. VI 11 ^. By means 
of hollow cables specially laid across the bed 
of the English Channel^ petrol was pumped in 
1944 and 1945 to the British, American, .and 
French armies of liberation on* the Continent. 

Cable ships ucually have yacht-like lines, but 
are stoutly built; comfortable accommodation 
is often provided for the crew to ofT-set the long 
spells of foreign service, and pay and conditions 
are among (he best in the Merckant Navy. 

CABLE TRAMWAYS, see Tramways. 



CAMBRIDGE UNIVERSITY LIBRARY. 

The beginnings of a University Library at Cam- 
bridge date from the 14th century, since when 
it has h*ad an unbroken life. In 1415 William 
Loring left to the Comgion Library all his books 
of Civil Jl.aw; and soon afterwards a catalogue 
of the^ University’s books (122 in number) was 
drawn up. .By 1475 a new library over the 
University Schools had been built by Thomas 
Rotherham, Archbishop of York^ Duiing the 
next century the Library was neglected, until, 
in Queen Elizabeth’s reign, Andrew Periic did 
much to* restore and enrich it, collecting books 
from influential friends. By 1700, however, the 
Library still occupied only two rooms; but in 
1715 the position was suddenly changed by the 
gift to the Cambridge Library by George 1 of 
Bishop Moore of Ely’s library (30,000 volumes'), 
which trebled the number of books in the 
Library. To find room for this ‘new bequest it 
began to encroach on neighbouring rooms and 
dep in ‘he block of buildings between 

the Senate House and Clare College until, by 
1908, it occupied the whole block. Soon still 
more space was needed. A main factor in this 
growth wa*- die Copyright Act of 1709 which 
iiiclj^ded the Cambridge University Library 
among those entitled to a free copy of all English 
publications {see (kipYRiOHT). In 1934 the 
Library was moved to a new building on the 
west side of the river, capable of holding com- 
fortably the whole collection — about i pillion 
printed books, 10,000 manuscripts, and 250,000 
maps. 

The Library is unusual among huge libraries 
in two ways: most of the books are put on the 
open shelves where readers ire free to go and 
select what they want; and most of the book* 
can be borrowed from the Library for periods 
up to 3 months.* Its greatest treasures arc the 
Codex 'Bezae (a 5th or 6th-century manuscript 
of the Gospels and Acts), giv<?n by I'heodorc 
Beza in 1581; ajid a ^ copy of the first book 
printed with movable type, the foi -two-lifie 
Bible printed at Mainz in 1456, given by A. W. 
Young ir- 1933 {see Printing, Pistory of). 

See also Libjrarihb; CataloCiUino and Indexing. 

See also Vol. X: Cambridge Universiiy. 

CANADIAN l^ACIFIC • railway, Rail- 

WAY SVSTKMS. 

CANAL BOAT, see Barge. 


CANALS. Di. Johnson defined a canal as ‘any 
tract or course of water made by art’ ; in more 
modern terms, canals may be described as 
artificial channels filled with water, which may 
be used for navigation, irrigation, or drainage. 
Those designed for navigation may be cipher 
‘lateral’ canals, which run alongside 4 river, or 
‘arterial’ canals, which connect two stretches of 
water across the higher ground between them. 
Most canals arc designed for canal boats {see 
Barge); but there are also ship canals, w'hich 
may be either lateral or arterial, and differ 
from barge canals only in size. 

Irrigation canals were known in Egypt, India, 
and China long before the Christian era. The 
(jreat C^anal of China, which ran from Canton 
to Peking, was built about the year 980 b.c. ; 
it was 50 feet wade and 9 feet deep, and was 
u.scd extensively for navigation. As there were 
no loeks, boats were run down rapids at some 
changes in level, and up and down inclined 
planes at others. 'Ehc Romans used a movable 
gate or sluice to retain the water at a higher 
level, forming chutes down which the vessel slid 
or floated. 

The invention of the Lock (q.v.), which 
enabled vessels to be transferred from one water- 
level to another, is claimcdjjy the Italians, who 
used it in 1481 on the Brcnta, near Padua; but 
it was not generally known in England until 
some 80 years later, when it was used on a short 
j- ’gth of 3 miles of canal connecting Exeter with 
U' sea. European countries took full advantage 
of the possibilities offered by the invention 01 
locks for expanding their inland navigation. 
The canals and navigable rivers of Belgium, 
Holland, France, and Germany have had an 
important influence on the development 01 
trade and commerce in these countries; goods 
can be carried economically and quickly both 
horn inland towns to the sea and from one inland 
town to another. Canals on the Continent were 
made originally on a far larger scale than in 
England, and have been maintained aftd im- 
proved by State money. In France the improve- 
ment of rivefs and the building of canals had 
been encouraged from the 15th century, Paris 
being the natural centre from which canals 
radiated to the western ports of Brest, Nantes, 
and Bordeaux, the Channel ports, and the 
canals of Belgium and the Rhine, and from 
tliese on to Switzerland and Germany. Mar- 
seilles, in the south, has connexions inland by 
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water, although the northern canals arc more 
important means of communication. Alto- 
gether French navigable waterways cover 6,200 
miles. 'Fhese waterways were badly damaged 
in the Second World War. In rebuilding them 
the French are trying to standardize them more 
than befoie, so that the canals may take four 
classes of craft, from 300 up to 2,000 tons. 

In Germany the great Kiel Canal (q.v.), 
which takes ships between the North Sea and 
the Baltic, was completed in 1895. Much im- 
portanyt canal construction was carried out in 
the years before the Second World War. The 
Dortmund-Ems-Weser Canal, navigable by 
ships and barges of 800 tons capacity, joined the 
Rhineland Wescr and brought the Ruhr dis- 
trict in direct water connexion with Emden. 
The Berlin-Stcttin Canal connectefl Berlin with 
the Oder and through the Bromberg Canal 
with the Vistula. There were plans to link up 
by canals the western and eastern waterways, to 
develop the upper Rhine, and make connexions 
with the Danube. 

The large network of canals in Holland was 
built for drainage as well ^ navigation. The 


water trom marshy country is discharged 
through the canals into the sea. The canals 
were dug through level country and made with 
gently sloping sides so that they are widp and 
deep, and the water Serving to the sea docs 
not run so fast as to make navigation difficult. 
Difficulties did arise, however, as navigation 
requires a high water-level and drainage a low 
one; and, as in recent years both barges and 
ships have increased in size, many additional 
hydraulic structures and pumping-plants have 
had to be built to regulate the *water-lcvels. 
The North Sea Canal which connects Amster- 
dam with Ymuiden was enlarged in 1937 and 
can take ships about 70 feet wide on a dralt 
about 30 feet — nearly as large as for the Man- 
chester Ship Canal in England (q.v.). The 
Merwede Canal connects Amsterdam with the 
Lck and Waal Rivers and takes ships of 2,000 
tons capacity; while the canal between Rotlci- 
dam, Antwerp, and other cities can be navigated 
by 3,500-ton ships. 

An elaborate network of canals has been 
built up in Russi^c whic h connects Moscow with 
the Volga ftnd makes it possible to travel l)y 
water from the Caspian, to the Baltic {see 
Russian Canals). British canals, except for*dic 
ivlanchcster Ship Capal, are on a much smallci 
scale than the great continental canals, though 
in places they carry a conyderable amount ol 
traffic {see Canals, British) . 

The# great livers and lakes of the United 
States and Canada are connected by waterways 
and canals. It is hoped that some day the 
waterways of the western river system will be 
standardized in size. A standard lock, 100 feet 
wide and 600 feet Idng, has already been decided 
(5n. The Welland Canal (q.v.) is an important 
link in the chain of inland waterways connecting 
the Atlantic Ocean with the Great ,Lak(;s. It 
crosses the Niagara peninsula about 10 miles 
west of the Niagara Falls, allowing ocean-going 
shij5s to pass between JLake • Erie^ and Lake 
Ontario. 

The first thing to consider in 'ouilding a canal 
is the size of the bi^at for which it is needed. The 
early English canals were built tb deal with local 
traffic and to conform to the nature of the 
country, and in consejiuence the canals vary 
a good deal in size. This drawback is not found 
in Continental waterways, however, nor in 
American, for the canals were for the most part 
built to connect large pavigable rivers and lakes 




for long-distance traflic. When canals were first 
built, before locks were used, it was necessary 
to keep, to level ground; and so it was common 
to follow the contours of the ground — which is 
the reason why so many Bruish canals wind 
about, taking a more devious route than a modern 
canal* would. But even with modern canals, 
which can deal with differences of level by a lock 
or boat lift {see Locks and Weirs), it is desir- 
able to use as many^ level stretches as possible, 
for passing through locks means loss of time 
in travelling.* In some places, accordingly, the 
canal is* on a built-up embetnkment, or runs 
along an aqueduct built of stone, brick, or con- 
crete; in other places it runs through cuttings, 
or even, where cuttings would have to be too 
'^l('(q), through tunnels. 



Cianals have to be watertight. Tlie early 
canal-ljuildcrs used to line tlie bed af the canal 
with ‘puddl elay’, clay of an even tcxlure 
woiked up with water until it was like putty. 
I'iiey pkistered this in laycjts up to 2 or 3 feet 
thick both on the bed and sides of the canal. 
Wlien, however, the boats began to be propelled 
by engines instead of animal power, stronger 
})anks were needed to resist the for^e »f the 
wash from the propellers. Modern canals, 
therefore, have concrete walls. The G- or 7-foot 
wide towing-path along one :.ide of the canal, 
essential in early days, is now no longer neces- 
sary. In a modern canal the ?*ross-section of the 
waterway has nearly straight lines, the top width* 
being four or five times the width of the i^arge, 
and the depth 2*or 3 feet I'clow tlx^ dciith ol 
the loaded barge. 

I'he importance ofcanais varies much between 
one country ^and anotlier; and so does the way 
they are developed, this depending larg y upon 
what other methbds of transport are available. 
Industries on the banks of canals benefit from 
them, and so do* the ports where ( anals cnlei 
the sea. But the canals must be adeciuately 
maintaiped,‘and often ii^jproved, so that traffic 
can go fast en«ug' for modern iijdustrial re- 
quirements. 

See also^ARQB; Canals, British; Dredgers; Panama 
Canal; Suez Canal; Russian ^anals. 


CAN AT. S, BRiriSIl 
CANALS, BRITISH. In England the water- 
ways form an inland network connected by 
caniilized rivers with the four main estuaries, 
Humber, Thames, Severn, and Mersey. They 
are on a very small scale compared with the 
great continental rivers and canal#, althoMgl^ 
the traffic is in some places denser in proportion 
to the size and length of the canals. Apart 
frpm the Manchester Ship Canal, the only 
other large canal is the Gloucester and Berkeley 
Canal connecting Gloucester with the Bristol 
Channel. This can take ships 250 feet long, 
carrying 1,200 tons. 

The first canals in Britain were built by the 
Romans. These were the Gaerdike, a canal con- 
necting the Rivers Nene and Witham, and the 
Foss Dike, which ran from Lincoln to the River 
Trent. After the Romans left Britain, there was 
no canal-building of any importance until in 
the early i8th century some canals, such as the 
Aire and Caldcr Navigation, were built. But 
with the building of the Bridgewater Canal 
about 1762, the great age of canal-building 
began. The growth of industry in England in 
the 18th century found the country unprepared 
to take full advantage of the increased produc- 
tion of goods, because of the poor state of road 
transport. The roads wer^ fit for wagons for 
a few months of the year only, and pack-horses 
were uneconomical and could not carry very 
heavy loads. 

- he Lidvantages of the canal as a means ol 
( o, eyance were well known on the Continent, 
and had been jiroved in Holland and France. 
It was no doubt from the Continent that Fran- 
cis Figeiton, 3rd Duke of Bridgewater, derived 
the idea for a canal to take coal from his estate 
at Worslcy to Manchester. This was followed 
by the Bridgew'atcr Canal between Manchester 
and Liverpool, which was an outstanding, com- 
mercial success, and opened the w^ay for many 
others. The engineer was James Brindley (1716- 
72), w'h / will always be remembered as the 
‘Father of British Canals’. It wa» mairily due 
to his energy, originality, and perseverance ‘that 
many of these early canals were built. 

Brindley realized the value of aqueducts 
which are a special feature of English canals, 
especially the earlier ones. When he proposed 
to carry the Bridgewater canal over the River 
Irwell, near Barton Bridge, some 5 miles west 
of Manchester, he was laughed at. But in fact 
the canal is carried in ati aqueduct 39 feet above 
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fjigiavmg fioiTi lites oj tiu tnginrcrs, b> Samuel Smil« ^ 

the river .iiid is suppoitcd b) thiec scmiciiculai 
aiches. A ( ontemporaiy rcpoitci wrote of ‘the 
new and sui prising sight of vessels sailiinr aloft 
in the air, high above the vessels sailing below 
in the nvei’ Later the Barton aqueduct was 
replaced by a movable one in the form of a steel 
lattice girder swing-bridge {see Bridoks), con- 
taining a steel trough filled with w^atci. 

Brindley was also responsible for the Trent 
and Klerscy or Grand liunk Ganal, which 
formed a route between the River Trent, near 
Nottingham, and the Mersey and Bridgewater 
Canal ^at Preston Brook. It enabled the salt 
producers or Cheshire and the earthenware 
manufacturers of Staffordshire t^ bring raw 
materials — pottery clay from Devon and Corn- 
wall and flints from the south-east ports of 
England — right to the factories; it gave them 
a safe way of sending away then pottery, without 
much risk of its breaking. 

Next came the Stafford and Worcester Canal, 
which led into the Severn; the Coventrv and 


Birmingham Canals, bringing coal and iron to 
the blast furnaces round Walsall and to Bir- 
mingham; the Oxford Canal making a link 
with the Thames; and lastly^ in 17^3, the 
Grand Junction, and Lejeester and Northamp- 
ton Canals, which connected the Thames and 
Trent. Ten years later the Kennct and lAvon 
Canal connecting the Thames and Severn, and 
the Leeds and Liverpool Canal connecting the 
Humber and^ Mersey on the north route, were 
completed, and the estuaries of these four im- 
portant rivers were now connected \)y water 
(see map). 

The Trent and Mersey Canal is now con- 
nected with the canalized River Weaver and 
so with the Mersey estuary by means of the 
Anderton lift, an enormous loc k. The Anderton 
boat lift, the only one in Britain, has two tanks 
which can each take two narrow canal-boats 
carrying about 50 tons oi cargo. The tanks arc 
lowered or raised by electric power {see Locks 
AND Weirs). 

In Scotland the Forth and Clyde Canal, 
which could pass small coasters and fishing- 
vessels, was opened in 1790; the Crinan, which 
])iovicled a passage horn the (Uyde to the 
Western Islands, 10 yeals later; and in ^ the 
1820’s the Caledonian, a Government under- 
taking on a lai ge r s(*ale, for ( ousting and fishing 
craft. The Caledonian, w^hich runs right across 
Scotland joining up the lakt*s of the Great CBen, 
was carried out by the great engineer, Thomas 
Tti i-o*RD (cpv. Vol. V). 

The success of the earlier canals and the out- 
burst of industrial activity of the age led, at the 
end of the i8th century, to a canal mania, like 
the railway niani^ which followed it. Many 
^anals were built which could not possibly be 
made to pay, and speculation in canal shares 
reached fantastic figures. Afte^ 1840, when the 
railways vv^re woi king fully, almost no* more 
canals w^ere built. Many of the existing ones 
were taken over by the railways, and in some 
cases the water was dr&ined from them, and 
a railway laid down on the s^mc route. The 
smaller canals in some districts, such as the 
Shropshire IJnibn and Birnyngham Canals 
Navigation, were amalgamated under railway 
control. Other canals, such as the Aire and 
Calder Navigation bf: tween Leeds and the 
Humber, thr Leeds and Liverpool, the Bridge- 
water, and the Grand Union, kept a^rreast of 
the times by improvements, and continued to 
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IloW thrir own ai^^ainst tlu* railA\<iys, allhoiiL>li 
tliey no longct inadr sucli.l)ig ])iolits. In iqoj 
the very important MANOiihSTKK Ship C'/Vnai 
(q.v.) was opened, linking Maneliester with the 
sea. In 1932 the Grand Union C«ompany was 
formed by the merging of eleven coni^)anies, 
and this company, piior to nationalization, 
controlled 264 miles ol canal between the 
riiaines and the Midlands. 

Belbie the Second Woild War thci^e were 
approximately 2,100 miles of navigable canal 
in Great Britain, of which (ioo miles were undcT 
railway control. By the transport Act of 1947, 
British (aiials, w*ith the exception the Man- 
chester Ship Ckanai and the Bridgewater Ganal, 
came under national control.* They are now' 
operated by the Docks and Inland Waterways 
Executive, and are grouped into div ions based 
on the* estuaries*! lumber, Thames, Severn, and 
Mersey, with the Scottish oanals as a fiftli 
division. 

See also Harc.t ; Canais; Locks and Wrius; Man- 
GHESTER^ShIP C wVN m.. 


CANOE. I. 'Ihis word is derived from a 
Caribb&n word for boat, and comes to the 
Enc^lish laneuacrc throuch the Spanish carioa. 


It is a word, therefore, which takes the modern 
reader’s mind back to the days of the Eliza- 
bethan adventurers and the buccaneers ol 
the Spanish Main, who used to meet 5 t sea the 
native Garibs in their rude boats. 'lo-day the 
word canoe has a very wide ineaninV- ind<*<^l, it 
is only possible to hint at a definition, for tlu^ 
varieties are infinite. A canoe, .then, is a small 
boat propelled by paddle or sail, which js 
primitive in design, probably long and nariow, 
and usually open from end to end. Craft which 
can be called canoes are used by peoples all 
over the world. Canoes are made from all .sorts 
of materials. 'I’hc simplest arc constructf-d ol 
reeds, such canoes being found c^n lakes in South 
AmcTica and in Aliica on the upper Nile. I’lie 
best-knenvn type of river canoe is pirobablv tiu' 
biich-bark used by the American Indians of 
the North (q.v. Vol. I). The Injquois are 
expert canoe-builders. A wooden skeleton »s 
made, and is covered with the bark of tin' bin li 
tree laid on, not lengthwise but tiansverseh, 
and tlu' thin sheets arc sewm together witli long, 
j'liant pine roots. 7 ’hc seams arc lendered 
watertight with gum fiom the balsam tree (ur 
Fig. 1). Birch-bark canoes are very light and 
arc easily carried. 'Fhey vary in size In an the 
3r)-foot eanoe, w'ith a ere\'* of sixteen j^addlers, 
besides a bowman and a steersman, to the light 



ri(. T iRoorois riri m hark ( woi 

hmiling rano(“, 12 feet long, paddled by oin 
man 'These canoes have no keel, stem, oi 
stern-post, nor is a single nail or peg used*in tlieii 
rorislruction. Long voyages arc made in ‘them 
through rivA’ and lake, and a sail is sometimes 
set when the wind is fair. But these caiiocs are 
very unstable. 

2. Ill the far north the Eskimoes (q.v. Vol. I) 
use a canoe, called a kayak ^ which has a frame- 
woi'k of wood entirely covered with sealskin. 
A round hole is left lor the Eskimo to sit in, and 
round the hole is a Ick^sc piece of seaKkin which 
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is fastened round his waist {see Fig. 2). The 
Eskimo uses a double paddle, a pole with a blade 
at each end. Kayaks are very swift apd can 
face any weather: if upset at sea they can be 
righted, for the . Eskim®, strapped into his 
watertight canoe, is an expert wateiman. The 
Eskimo women use a clumsier, laiger,* and 
heavier open canoe, also skin-covered, which is 
called an umiak, 'I’his canoe can hold a com- 
plete family, ^nd is propelled with short sooon- 
like single-bladed paddles. 

3. Julius Caesar mentions that thfe boats used 
in Biitain when the Romans came wert: made 
of wicker-work covered with hide. Of this type, 
the almost circular one-man coracle still survives 
as a fishing-boat, used principally on the Welsh 
rivers; but modern coracles are covered with 
canvas, not skins {see Fig. 3). On the west coast 
of Ii eland sea-going, canvas-covered canoes, 
called curraghsy arc used by the fishermen of 
Dingle Bay and Blasket Island off the Kerry 
coast, and Aran Island off Donegal. The Dingle 
cuiraghs are about 25 leet long and have four 
rowing thwarts and a mast thwart: the oars are 
worked on ihole pins. A mast can be stepped 
forward and a sail set. Curraghs are built on 
a wooden framewoik, over which is stretched 
canvas which is tarred and black {see Fig. 4) 
These boats are very light and buoyant. They 
are carried ashore when not in use, and stowed 
upside down on trestles. Hiavy stones are tied 
to the f urraghs in this position so that the wind 
cannot blow them away. The curraghs arc 
carried ashore bottoms upwards over the heads 
of the cicws, and this has gained them the nick- 
name of ‘beetles’. 

4* A primitive ♦and very common type of 
©anoe the world over is the dug-out, that is a 
canoe hewn or burnt from the solid tree trunk. 
Some dug-puts aie quite crude, particularly 
those used on inland waters, but very many are 
cuiious works of&rt. The kru canoe, for example, 
used for inshore fishing^ off Freetown, Sierra 
Lebne, on the west coast of Africa, id made from 
the cotton tree. This type has a long and 
tapered hull, anej is carefully hollowed so as to 
have a very thin skin {see Fig. 5). A/iother very 
seawoi thy little fishing canoe is the hori used on 
the other side of Africa. These little craft set a 
rectangular sail which is supportq|d by tv 9 o light 
spars, both of which can be called masts, and 
they come racing into the old harbour df Mom- 
basa from the sea, the fisherman sitting back 
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and resting himself in preparation for thr 
strenuous work of marketing his catch ashore in 
the hot sun: he looks very comfortable in his 
minute canoe which he only occasionally has 
to bale vigorously. DuJ^-out ca4ioes arc resti iciecl 
the size of the tree, and can never be any- 
thing* but narrow and unstable. 

5. Some *of the finest sea-going canoes are 
found in the Pacific. To gain stabili*"'^ under 
sail and also great^ carrying cai5acily, it was 
usual irim the Pacific islands to form double 
canoes, two* similar craft being lashed close 
together and parallel by means of beams across 
the gunwales. Platforms were erected over the 
space betueen across the beams, thus forming 
a deck {see Fig. 6). Some were as much as 
70 feet long, and were paddled by large crews, 
or sailed, the mast being stepped on the plat- 
form and lietween the hulls. Captain Cook 
observed at Tahiti the great travelling canoes 
of tlws type, with thatched cabins: in such 
canoes tiie migtations had been made between 
the islands and New Zealand {see Maoris and 
PoiYNESiANS, Vol. I). Tliesc canoes contained 
hulls which ^verc plank built. Even moie im- 
pressive \ < re the w^ar canoes: in 1^74 Cook 
wittiessed at Tahiti a naval review of 330 canoes 
wliich he estimated carrie/l about 8,000 men. 
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riiese big double canoes have now disappeared, 
except in a few^ places; but the outrigger canoe 
is comrnor^ over the Pacilic and Indjaii Oceans. 

6 - The most fan ^ous sailing canoe is probably 
the Flying Proa of the I..adrofics or Mariana 
Islands in the Pacific^ Drake, Darnpier, and 
Anson were in turn astonished as "'sc bo!its 
sailed «by their -stout ships at quite 20 miles 
an hour in the brisk trade vyind. The Flying 
Proa was an outrigger canoe, and the type sur- 
vives to-day. A light hull is given stability by 
a log shaped like a cigar, which is kept parallel 
with the hull ayid apart from it by beams lashed 
across the gunwale and to the log! The canoe 
is sailed Vith the outrigger always to windward, 
and so the ends of the canoe are the same shape, 



either end becoming the bow end accottling to 
circumstances. To balance the canoe in a bretv.c 
members of the crew can squat on the outrigger; 
but this canoe is tricky to sail before the wind 
ns the outrigger may drop into a wave and < ause 
a capsize. Single outrigger canoes {i^ee Fig. 7) 
are to-day much commoner than the double- 
outrigger type, probably t^e older form, which 
has an outrigger either side of the hull. Double- 
outriggers arc found in Indonesia and on the 
east coast of Africa. 

7» Although mostly regarded as primitive 
I ft, many ol the types of canoes described have 
been developed thiougli the ccntuiies and are 
elaborately and skilfully built by conservative 
peoples. Nor is decoration omitted. Carvings 
and other ornaments are common. The Maoris 
of New Zealand f ormerly beautified their canoes 
with the most elaborately carved fi^rurcheads. 
w hich are now museum pieces. 

8 . Portable boats or canoes make handy and 
cheap pleasure craft, suitable for camping 
holidi vs on lakes and rivers or even round the 
coast. Fhc famous Rob Roy carvoe, o? kayak 
shape but built of wood, became immensely 
popular in Hiigland in the 1890’s. Between the 
two w^ars the Talbot’ collapsible canoe was 
developed in Germany, and these craft have 
been paddled long distances, particularly 
through Central Europe and down the Danube. 
The falbot has a wooden framew’ork, canvas 
covered, and can be folded up and packed into 
a small suitcase. 
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9. Small boats, which may be classed as 
canoes, were extensively used during the Second 
World War. Aircraft were equipped with life- 
saving bbats and rafts made of ballo*on hibric, 
which could be automatically blown up quickly 
by <?r)mprcs^cd air when required for use. The 
•^frogmen’ -(men equipped in rubber suits who 
attached explosives to the hulls of ships below 
the w'ater-line) were supplied with canoes ver»’ 
similar to the Eskimo kayak, for use in approach- 
ing their objective preparatory to taking to the 
water and sw^imming. Commandos and othei 
special units were similarly equipped. 

Sor also Primiiivi Sinrs, Sailing. 

Sre also Vol. IX (Ianoling. 

CAPTAIN (Aircraft), see Aircrew; (Siiip\ 
see Ship’s Gumi’Any. 

CAR, see Moiou-car. 

CARAVAN ROUTES, see Desert Trwel. 

CARAVEL, see Sailing Siiii's. 

CARGO, w Merchant Shipping. 

CARRIAGES. The w’ord carriage has several 
meanings, all connected with ‘carrying’ some- 
thing. It is taken here to mean a Ibur- wheeled, 
horse-drawn vehicle (for the most part privately 
owned) used for carrying people. The first four- 
wheeled caniage wr know of was perhaps 
the most magnificent vehicle built. When 
Alexander the Great died in 323 n c., no less 
than 2 years were spent in building a funeral- 
carriage to bear his body from Babylon to 
Alexandria. It w^as 18 feet long and 12 feet 
wide. C 3 n a platform w^as set a throne with the 
coffin before it, and above stretched a lofty 
roof siyoported on eighteen pillars. The whole 
carriage was* decorated with gold, jewels, silk, 
and bells. To draw it, sixty- four^ mules were, 
yoked eight abreast. Scholars wonder whether 
the front wheels of this monstrous carriage 
w^ere designed to pivot when turning a comer. 
Probably they were not. At any rate, it is almost 
certain that the four-wheeled wagons of the 
Romans, even some centuries later, were not 
made for turning corners. For this reason it 
seems likely that all thcii^’vt hides which had to 


travel at more than a walking-pace were two- 
wheeled, even their state-coaches, and the 
luxurious coaches of the rich. 

With the fall of the Roman Empire 'ijcarly 
1,000 years passed befort c£irriagcs came into 
use again at the beginning of the 15th tentury. 
They were known as whirlicotes or chariots. 
They must have been very unconifortable on 
the appalling roads of those days, with their 
complete abse'nee of any fofin of springing and 
the lack of glass to keep out the w eathrf. They 
were considered an effeminate way of travelling 
for anyone but ladies, but even among them the 
popularity of coaches had a set-back w^icii 
Richard IPs queen preferred to ride side- 
saddle rather than be bumped alioiit in a coach 
- ‘so was riding in those Whirlicotes and 
Ghaiiols forsaken except at Ckironalions and 
such like Spectacles', says an old chroniclei . 
Also there was a general feeling of shame at- 
tached to all such travelling because ciiminals 
were taken to their execution on four-wheeled 
carts. 

In 1530 there were still only three carriages 
in Palis: oif? was the Qijcen’s and another was 
used by Royal permission by a nobleman, Rene 
dc Lav'al, who was too fat to sit on a hd!se. 
(h'adually as the \v%\dth of Euiopc inci cased, 
princes and nobles could not icsist the oppor- 
tunity of displaying llicir magnificence by riding 
in luxurious caiTiages. Soon we find the Pojx 
rLprc^vtng his cardinals for such unmanly ex- 
travagance. England, which at the end of the 
1 8th century was to lead the wTuld in coach- 
building, w^as still rather behind the times 
Both Gathcrinc of Aragon and Anne Boleyn went 
to their coronations in horse-LiTTERS (q.v.) ; 
Mary Tudor, however, travelled to hers in a 
coach drawn by six horses. Queen Elizabeth 
ordered tha building of a state-coa«h in. 1564 
(apparently onl^ the second to be built in 
EaigJand), and wc can guess that this was some- 
thjng of an improvementon the whirlicote of the 
Middle Ages when we read that on a progress 
through Warwick she caused “every part and 
side of her coaoh to be opened that all her 
subjects present might behold her, which gladly 
they desired*. But however much extravagance 
was used in carving aryl gilding these ^hicles, 
and in cov/^ring their panels* with pictures 
painted by the leading artists of Europe, their 
construction remained very crude. Queen 
Elizabeth herself complained that after ^ coach 
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journey in London she was unable to sit down 
for several days! 

It was not until the 17th century that a 
French coach-builder first slung the body of the 
carriage from four straps secuied at their upper 
ends to stout pillafs set on the chassis, litis 
construction did something to eliminate the 
worst jolts; but its disadvantage was that the 
passenger w^as liable to undergo a violent 
swinging motion which tested the strongest 
stomach. In 1665 steel springs were used for 
the first time; these did not add greatly to 
the passengers’ comfort, but, they reduced the 
vibration of the body of the coach, and enabled 
it to be built more lightly. Also, as a lighter 
body could be carried on a lighter chassis, less 
damage was done to the road-surface. At about 
the s^me time, with the founding of the Turn- 
pike Trusts in 1663 '1 urnpikes), Britain took 

the first effective step for centuries towards im- 
proving her roads. During the next 200 years 
there ivas a steady improvement culminating in 
the Igreat coaching days of the early 19th cen- 
tury, when speeds of almost 20 fhiles an hour 
were scheduled over some stages, compared 
w'ith 4 or 5 miles an hour (or far less in winter) 
at the beginning of the period. The design of 
private carriages showed a parallel improve- 
ment, and rich people took an even greater 
pride in their ‘turn-outs*. The use of glass in 
carriage window’s is first .mentioned in 1650. 


Springs were improved step by 
step. In 1665 Samuel Pepys 
tells in his diary how, he tried 
several new coaches. * He writes : 
‘And several we tried, But one 
did prove mighty easy, . . . ajid 
we all one after anothef rid in 
it, and it is very fine, and likely 
to take.’ This coach was swung 
on two big curved springs 
attached *to the boHom of the 
undercarriage, \fith the body 
of the coach held to the springs 
by strong leather straps. Pepys 
soon owned his own coarli, 
and in 1669 he desciibes 
how he drove after dinner 
‘through the tow n with our 
new liveries of serge, and the 
horses’ manes and tails tied 
up with red ril;]:)ons, and new 
green reins’. 

But gay as were these 17th-century coaches, 
they were still heavy, cumbersome vehicles with 
iron tires. ^The inti eduction of solid lubbci tires 
in 1852 marked a great advance. Many kinds 
of carriages were designed and adopted ii» the 
19th century, such as the victoria, named after 
the Queen, a low’, light, four-Ax heeled carriage; 
the brougham, a one-horse, closed carriage called 
after a prime minister, iJord Brougham; the 
phae^pn, a light, four-w’heeled, open carriage 
drawn by two horses; and the landau of w’hich 
the roof could either be closed or open. For a 
first-class finish, eighteen or twenty coats of 
paint and varnish were required. Such was the 
English carriage at its heyday, before the motor- 
-car came to take its place. 

See also Stage coai.h, Roads, British, Horse Trans- 
port. 

CART AND <WAGON. These are vehicles 
used mainly for the trapsport of goods. A cart 
is*strictly a vehicle with two wheels,*and a w^gon 
one with four; but the words»are used- loosely. 
It is probable thpt the first cart was made by the 
men of the New Stone Age, who. appeared in 
south-eastern Europe some 12,000 years ago, 
since it was they who were the first farmers, 
and crops arc awkwarS things tq transport with- 
out some vehicle to carry them. The earliest 
vehicle used was, no doubt, a rough Sledge 
(q.v.), which serves well enough over short turf 


on a hard soil, and can be found on some farms 
in Great Britain even to-day. There was a word 
for ‘whe^r in the Aryan language, spoken 7,000 
or 8,000 5^ears ago; so we may guess that by 
*then some enterprising farmer had fixed his 
sledge on a pair of Wheels (q.v.) — and had 
found 'that it was very much easier to pull. 

In Britain’we know that carts or wagons were 
in general use in the Bionzc Age, about 3,000 
years ago, for carrying Cornish till right across 
England* to ports in Essex, Kent, and the Isle 
of Wight. Btit we do not know whether they 
had two’ wheels or four. Probably they had 
only two, because it seems that even the Romans 
some centuries later, who certainly had four- 
wheeled wagons, never discovered how to make 
the fiont wheels pivot when turning a corner. 
On the stiaight Roman roads wdth their good 
suiface this would not matter so much; but on 
the iTimadr trackw'ays of Britain tw'o-wheeled 
cai ts would be much easier to handle. No doubt 
when tlTv. Romans occupied Britain and had 
given it good roads, they introduced the four- 
wheeled w^agon, if it had not already arrived. 

The first ])ieture of a cart in Britan is dated 
about iicvj— a two- wheeled farm-cart wnth 
w'icker sides. When Thomas Beckett went to 
France in 1168, he travelled with eight carts, 
each drawn by five horses. These, too, may 
have been tw^o-w heeled. But when King John 
lust lus baggage in the Wash, we read that it 
was in carts and w^agons; so it scc”'*'. that by 
then at latest, four-wheeled vehicles had come 
into use again. The great stones used in building 
the cathedrals, too, were carried on wagons 
drawm by oxen, though they would be taken as 
near to the site as possible by water. Indeed, 
with the roads as bad as they then were, eithei* 
baigcs or pack-animals were always preferred 
for thp carriage df heavy or bulky gpods. 


CART AND WAGON 
During the 15th and i6th centuries the trade 
of the country increased very rapidly, the towns 
grew in size, and each year more and more goods 
had to be "carried from place to place* Light 
carriers’ carts had been plying in some parts 
from at least the beginning of this period; i>ut 
by the end of it, regular services of stage- 
wagons had been started between most of the 
bjg towns. I'hese were huge, clumsy vehicles, 
drawn by eight or ten horses and abh‘ to do no 
more than 10 or 12 miles a day; but they could 
take a very heavy load, compared with any 
other land transport then available. 

As trade continued to increase, and with it 
the number and weight of vehicles u.sing the 
roads, the condition of these giew rapidly worse. 
Little was known then of how to mend 01 make 
roads and little effort was made to gain the 
knowledge: it was easier to blame the new 
vehicles and to hamper them, in spite of the 
country’s need for them, than to mend the 
roads. Wagons were condemned as public 
nuisances which ‘galled the roads’. In 1621 an 
Act of Parliament foibade the use of any four- 
wheeled vehicle or the carriage of goods weigh- 
ing moie than i ton; in 1629 the use of more 
than five horses was foi bidden, although animals 
struggling to pull a load J(»o heavy for them 
actually damage a road far more than would 
a team of the proper size. In 1751 Parliament, 
thinking that if wagons were to be fitted with 
' • ry broad wheels they would do less damage 
a might roll the roads flat again, decreed that 
the tires of almost all carts and wagons must 
be at least 9 inches wide. In 1764 it went 
further and offered to excuse fiom all tolls 
the drivers of wagons with iG-inch tires! But 
the use of such huge wheels merely made the 
vehicles much heavier and far harder to draw, 
so that still more damage was done 10 the jroads. 
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From an engraving by David Luggan, 1633 1692 
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A COMMON STAOE WAGON 

A heavy wagon with broad wheels which ran a regular service for carrying goods Farlv 19th-century woodcut 


Dozens of different Acts were passed in the 
belief that by controlling the design of vehicles 
in some way or other the roads could be made 
to mend themselves. They all failed ; and in the 
end they failed to restrict the development of 
road transport, because this had by then become 
quite necessary to the country. At last the 
lesson was learned, for the time being, and it 
was seen that the proper course was to build 
roads good enough# to stand up to their work. 
This had a double effect, because as the roads 
were improved, it became possible to make the- 
vehicles using them far lighter in construction, 
since they no longer had to stand such jolts and 
strains; and in their turn the lighter vehicles 
did less damage to the roads. The introduction 
of steel springs in the second half of the i8th 
century also did much to reduce the wear on 
roads. Then, early in the igth century came the 
railways, which for many years took away most 
of the heavy traffic from the roads and reduced 
them«to comparative unimportance. Now motor 
vehicles have replaced carts and wagons for 
practically all road transport, except for farm 
work {see Farm Wagons and Carts, Vol. VI) 
and a^ittlc local haulage. 

Sec also Wheel, Carriagfs; Roads^ Horse Trans- 
port. 

CATALOGUING AND INDEXDfG. i. In 

all large Libraries (q.v.) there is a catalogue of 
the books to help readers in finding what they 
want. A catalogue is nothing more than a list. 
The reason it takes such great skill in arranging 
is that the list is changing every day. Some 


libraries receive hundreds of new books every 
week, and a hxed list would never be up to date. 

Modern library catalogues usually consist of 
a cabinet of drawers, ea( h containing a number 
of cards, in alphabetical order, slotted on to 
a movable lod which keeps the cards from 
getting jutnbled. One card is used for each 
separate entry, so that a new card can easily 
be put in its right place, or a card of a booV no 
longer in the library can be withdiawn. 

There are two main kinds of catalogue, an 
‘authors’ catalogue and a ‘subject’ catalogue. 
The ‘authors’ catalogue is easy to use, provided 
you know an author’s name. If you want 
Carlyle’s book about the French Revolution, you 
turn to Carlyle (Thomas) and you find a list 
of his books set out ; in that list is the title French 
Revolution^ and probably the number of the shelf 
on which you will find the book. But some 
'reader may not know or remember Carlyle’s 
name ; he may simply want to read a book about 
the French Revolution. So he goes*to the ‘sub- 
ject’ catalogue, and looks up such subjects as 
‘France’ and Trench’. He will come across 
F/*ench Geography, French History, French 
Literature, and so on, all in alphabetical order. 
Under French History, again in alphabetical 
order he will find the entry ‘French Revolution’. 
And there he will find a list of ‘many works 
on the Revolution, including, of course, French 
Revolution by Carlyle ^Thomas). He will then 
go to .ffic ‘authors’ catalogue to find the number 
of the shelf. But the reader in the first glace may 
have turned up, not the word ‘France*, but the 
word ‘Revolution’. Then he will find Revolution 



.(American), Revolution (French), Revolution 
(Mexican) , Revolution (Russian) , and so on, all in 
alphabetical order. Under Revolution (French), 
,of course, he will find once moxft French Revolution 
*by Carlyle (Thomas). • 

In some libraries the ‘authors’ catalogue and 
‘subject’ catalogue are conibined in a single set 
of cards from* A to Z. In most libraries books on 
one subject are arranged together. For instance, 
all the travel books will be on one set of shelves, 
ranged according to tfie authors’ surnames from 
A to Z. Mafly public libraries have -adopted 
a standardized system of figures for numbering 
the separate subjects on their shelves. 

The system which is called the Dewey decimal 
system is based on decimals because decimals 
enable extra sections to be fitted in as required. 
For instance, all subjects related to places and 
their history are allotted the numbers 900 to 
999, Europe is 940 to 949, Asia 950, and so on. 
Each of the countries of Europe has a number 
somewhere between 940 and 949: England, for 
instance, is 942. Places within England would 
have this same number followed by a decimal ; 
London, for instance, is 942- 1, and a place 
within London would^ have a further number 
aftei>the decimal point; thus West London is 
942* 1 3. In the same way, the Midlands are 942-5, 
Oxfordshire is 942*57, and Oxford 942-571, and 
so on. Thus with a little patience one may get 
quickly to the numbered shelf dealing with any 
subject. 

2. Indexes. A book index is an alphabeiical 
list of the people, places, and events mentioned 
in a book, indicating the number of the page 
on which each mention is made. An index is 
necessary to almost all books except novels and 
dictionaries. * 

Various people who turn to an index to look 
up a subjeebmay fiot all think of the ^me word. 
For instance^ if four people were interested in 
stamp-collecting, one might loOk up ‘Postage 
Stamp’, another might look up ‘Stamps’, a 
third ‘Philately’, and the fourth ‘Cc 'ections^. 
A good index would have three or four of those 
words, all referring to the sama entry. 

Sometimes an entry will have a reference 
beginning ‘See* or ‘See also’, directing the 
reader to another part pf the index. Entries 
of a very uniaip<^rtant nature are generally 
omitted, to save space and the reader’s time. If 
one persoh or subject is mentioned a great many 
times, the index will be more useful if a clue is 


CENTURION, H.M.S. 
given to the particular topic dealt with on each 
page, instead of just a long list of page numbers. 

In making an index the first stage is to read 
through the? book, writing down every subject, 
including people and places, with which it deals, 
and the number of the page on which ea^:h 
appears. In making some indexes a separate 
small slip of paper is used for each written entry. 
In. other cases entries are written or typed on 
long sheets of paper, and after careful checking 
and improving, the sheets are cut with scissors 
into small slips. In each case the slips are then 
arranged in alphabetical order. With names of 
persons the surname comes first, as in telephone 
directories, except, of course, with Kings and 
Queens and certain other historical persons. 

See also Libraries; Reference Books. 

CATAPULTED AIRCRAFT, w Aircraft 
Take-off. 

CATERPILLAR CLUB, see Parachute. 

CATERPILLAR TRACK, Tracked 

Vehicle. 

CELTIC LANGUAGES, Irish; Welsh; 
Gaelic. 

CENTURION, H.M.S. ,Thc tale of tlic 
voyage round the world in 1740 of H.M.S. 
Centurion, manned by 507 men and carrying sixty 
guns, commanded by Commodore Anson, is an 
eir ' of heroic endurance. The Centurion was one 
ol » powerful British squadron of six men-of- 
war and two victualling ships which was sent 
to harass Spanish trade and Pacific outposts — 
much as Drake had done, but on a larger scale. 
The Centurion on its return home brought about 
^^300,000 in Spanish treasure, and so her trip 
was hailed as a very successful vcntuie. 

But this raiding expedition was an outstanding 
example of bad staff work and criminal mis- 
management. The Admiralty dispatched the 
ships ill-provisioned and ill-manned. They even 
sent as marines on active service, and beyond 
Gape Horn, 500 Chelsea Pensioners ; all of them 
who could walk arc said to have deserted before 
embarkation ; the remainder all perished on the 
voyage. But sickness did not strike down only 
the Chelsea Pensioners. When the Centurion 
reached the island of Juan Fernandez (off the 
coast of Chile) hardly more than 200 of the 
original ship’s company were still alive, and 
those were weakened by scurvy. Meanwhile 
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MODEL OF H.M.S. CENTURION 

This model was made for Lord Anson after his voyage 
round the world in the Centurion 

the Wager, a store-ship, had been lost by ship- 
wreck, and two men -of- war, the Severn and the 
Pearl, had put back. But Anson, in the face of 
such adversity, still determined courageously to 
go on; and after meeting many difliculties and 
being forced to sink the two ships which still 
remained to him besides the Centurion, he inter- 
cepted and captured a Spanish treasure ship 
bound for Manila. The voyage lasted alto- 
gether 3 years and 9 months, and added much 
to men’s knowledge of navigation and geo- 
graphy. Anson’s Voyage round the World was an 
extremely popular book. 

The figurehead of the Centurion, which was 
long treasured by the Pensioners in Greenwich 
Hospital, is now destroyed; but Lord Anson’s 
own model of the Centurion is exhibited at Green- 
wich in the National Maritime Museum. 

CHAATS. A chart is the navigator’s map of the 
sea. Maps (q.v.) depict the land, charts the 
water and the sea, lake, and river bottoms 
covered by water. Coast-lines arc shown on 
both, land ^rc especially important to the users 
of charts because the danger of shipwreck in- 
creases as shallow water and Shore arc ap- 
proached. In early times charts showed little 
more than the coast-lines, because sailors rarely 
ventured far out of sight of land, and sea depths 
or soundings, which form so important a feature 
of modern charts, were rarely shown. 

The Mediterranean Sea, although by no 
means the only sea on* which men sailed, was 


the first to be charted. The oldest aids to naviga« 
tion which have come down from the past are 
Greek and Roman descriptions of ports, and 
these may have been intended fdr use with 
charts no longer in existence. The oldest chart 
that survives is a Portolan Chart, which drites 
from 1300, and shows considerable skill’. These 
Portolan Charts (the name comes from an 
Italian word referring to ports) were produced 
for about three centuries, largely by Italian and 
other Mediterranean seamen, and loiter by the 
Portuguese {see chart). They shbw chiefly the 
coast-lines of the Mediterranean and Black Seas, 
and finally extend to the Atlantic coasts of 
Europe and North Africa. They were drawn by 
hand in bright colours on parchment. They 
were not drawn to a very exact scale, but full 
use was made of the skin or parchment, whatever 
its size and natural shape. Nor were lines of lati- 
tude or longitude shown, for these early (harts 
did not follow any formal Map Projection 
(q.v.). The most striking feature, apart from 
colour, consists of the sets of lines which radiate 
from and join up numerous points all over the 
charts likg* spiders’ webs. I’hcse lines, known as 
‘rhumb lines’, gave mariners the approximate 
compass direction from place to place. Ont cen- 
tral line through each of these points was alw ays 
orientated to True North, but the others w^re 
not necessarily true compass bearings. They 
were probably as nearly true as i^ w^as possible 
to st^;er by compass in those days. 

Charts were first printed tow^ards the end of 
the 15th century, and engraved on copper after 
1560; this is a process still largely employed in 
their production. It will be recalled that this 
was a period of 'great Exploration (q.v.) by 
sea, for Columbus first crossed the Atlantic in 
1492, and the first ship to sail round the world 
arrived back in Spain in 1521. A cj^iart of 1529 
by Diego Ribero, a Portuguese in^ the employ- 
ment of the Khig of Spain, w^as the first to show 
the Pacific and Atlantic Oceans in nearly 
the shape known now. Until about this .time 
English sailors, though they knew the coasts of 
Europe quite wpll, possessed no sea charts except 
a few drawn by foreigners. Indeed, sailors like 
Drake and Frobisher later carried globes on 
their ventures across the oceans. Henry VIII, 
however, having realized the disadvantages of 
this lack, had introduced skilled navigators and 
mathematicians, mainly from northeAi France, 
and had manuscript charts made of many English 
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PORTOI AN CHART OP THF Mf ANTIC OCI \N, OF ABOUT 


haibouis, a few of which au slill iii existciue 
He also foLiiidecl the Bicthien ol the 'lriiiit> to 
help coastal inaiineis with pilots, beacons, laiid- 
maiks and buo)s [se( Tuimfy Hchsf;. 

d he Dutch, as ciiterpiisincj; sca-tiadcts and 
men who saw the possil^ility ol inakini^ money 
in the publishinc; business, pioduced many 
chai ts The Inst volume of eriL^iavcd chaits was 
published in by the DuUhman, Lucas 

Wa^henaer. Shoals, banks, shinqle beaches, , 
soundings, and good anchorages were marked, 
a silhouette, cn outline view, was given of the 
coast as seen fiorn a few miles out*at sea, a 
fcatuie whicK is letained on Biitifch charts. 'Lhe 
work be( amc so well known that English sailors 
long called any volume of charts a ‘Waggone ’• 
Anotlier. Dutchman, known as Meicator, hau 
published a chart for which he had devised a 
novel kind of projection, cnaTjling ships to 
deteiminc accurate compass bearings fiom place 
to place. Mercator’s method has become the 
standard^prqjection for afl charts except those 
meant for special uses such as entry to ports. By 
the middk of the 17th century the Dutch were 
publishing charts under Government authority. 


A little over hall a cenluiv latei the liench 
established a cential diait oIIilo in Paiis. 

In the 18th ccntuiy so much material had 
been co’’ ted at the Bi’tish Admiralty, includ- 
ing suivi liom the voyages of Vancouver, 
Captain C^ook, and otheis whose names have 
a pcimanent place on world maps, that in 
1795 the British Hydrographic Department was 
lounded. It was ‘to take charge and custody 
of such plans and chaits as then were, or should 
ihcreaftei be, deposited in the Admiialty, and 
so select and compile such infoirnation as might 
appear to be requisite for the puipose of im- 
piovmg navigation’. From that date systematic 
surveying, canned out specially to produce 
charts, became increasingly important. The 
department was fortunate in having as hydro- 
graphers biillmnt men such as Rear-Admiral 
Beaufort, who is more widely known by the 
Beaufoit w'eather scale (see Wind, Vol. III). 
During the following century nearly every other 
civilized seafaring country founded departments 
whose whole business was to publish charts and 
carry out marine surveys; but the pre-eminent 
position which Britain finally gained has been 
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retained. Most ol the world’s surveying has 
been done by the Royal Navy, and British 
Admiralty charts are used all over the world. 

EvcFy sea and coast important t6 navigation 
has now been charted, but only a few of the 
^ charts are up to the highest modern standards. 
Changes in sea bed and coasts, owing to erosion 
or other causes {see Coasts, Vol. Ill), the pre- 
sence of wrecks, and the deeper draught of laj-ge 
ships make frequent revision necessary. Once 
it was difficult to establish longitude at all; 
the construction of an accurate time-keeping 
Chronometer (q.v.) in the i8th century was 
a great step forward; and to-day wireless t»mc- 
signals make the chronometer no longer ei>:.en- 
tial. Sailing ships were more difficult to control 
when surveying than modern steamships are 
Soundings in the deep oceans, which one e took 
hours by wires and weights, now take only 
seconds by Echo-sounding (q.v. Vol. VIII) 
Decca, a method of locating position by means 
of radio (see Navigation, Air and Marine), 
is proving of great assistance in surveying, and 
the Danish Navy has recently completed a 
survey of the coast of Greenland using portable 
Decca transmitting stations, which were set up 
on shore and moved as necessary. Aeroplanes 
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assist by photogr^iphing coasts not already 
adequately mapped by land suiveys. 

The British Admiralty employs about hall a 
dozen surveying ships, which are usually frigates 



DETAIL OP A CHART OF THE ENGI ISH COAST FROM PORTLAND 
TO PLYMOUTH 

From Lucas Waghcnacf’s ^iariner's Mtrrour, i *,88 


DITMI 01 A MODERN CHARI OP LOVVESrOPr ROADS 

By couitesv of the Conirollei of 11 M S O. and the Hydio- 
grapher of the Navy 

or nyne-sweepers converted lor this work, but 
easily rcvertible in case of war. They are in the 
charge of the Hydrogiapher of the Navy, who 
is usually a Vice-Admiral. Thus charts arc con- 
stantly revised, and the Hydrography Depart- 
ment of His Majesty’s Navy prints over half a 
I million copies every year, varying in sc ale from 
those covering a whole ocean to those showing 
the detailed approach to a scngle harbour. 

See also Navigaiton, History of; Navk.ation, Air, 
Navigation, Marine; Maps, History of. 

CHINESE LANGUAGE. Ghindse belongs to 
a very large family of related languages, called 
the ‘Sino-Tibejan’ family. Chinese, Tibetan, 
Burmese, and Siamese were, in f^ct, once one 
language (just as French, Spanish, Italian, &c. 
were all once Latin (see Language, History of). 
Very many other far eastern, languages, the 
names of w^ich are not well-known to the general 
public, also belong to this Sino-TibetUn family. 
Tibetan, Burmese, and Siamese are each written 



^in their own special alphabet, but none of these 
* three alphabets are at all like that used for 
Chinese. Tibetan, especially, has a large litera- 
ture (mostly dealing with Buddhism) dating 
from the 7th century Ap. The most important 
of the Cl\inese dialects are Northern Chinese 
Cantonese, Amoy (also called Hokkien), Hakka, 
Suchow, and Fuchow. I'hcse differ as widely 
from one another in their spoken form as does 
Spanish from French. In their written form, 
however, they are veiy similar, so that we talk 
of dialects ratker than of languages. 

There is now a standard form of Chinese, 
based on the Northern dialect, spoken in the 
capital, Peking. In the 17111 century, when 
Manchu invaders established a new dynasty in 
China, this dialect became the language of their 
court and was spoken by all higher officials 
throughout the Chinese Empire. It became 
known as Kuanhua or official speech; and be- 
cause Portuguese travellers long ago began to 
call Chinese officials Mandarins (a form of an 
old Hindu word), other Europeans took to 
calling this Kuanhua dialect Mandarin. After 
the setting up of a republic in China in 191 1, in 
place of the old system of emperors, the new 
gove|-nment felt tint it was important to ha^ c 
a language that could be understood through- 
out the whole of China not only by officials but 
by every citizen; so the Northern dialect as 
spoken in Peking was chosen as a model. Making 
this national language of Kuoyu understood 
throughout (jhina was part of the Govei nmciu s 
programme for univcisal education. This pro- 
gramme, however, was interrupted by war. 
Nevertheless, Kuoyu is now understood and 
spoken by all educated Chinese — no mean 
achievement when one thinks of the great • 
language barriers of Europe. 

In the West we* write phonetically; that is to 
say, wc write groups of letters which* represent 
sounds {see Alphabet). I’hus in writing and 
reading, as well as in speaking and listening, 
we depend on the sound alone to give us *^\tt 
meaning of the word. Not so the Chint 
Instead of representing sounds by means of an 
alphabet they represent each word by a draw- 
ing or ‘character*. These characters have now 
become so shortened, through being written 
quickly, ^hat it is usually quite impossible to 
distinguish the original drawing, ^ut as we 
have examples of Chinese writing on bones and 
tortoise-shells that date back as tar as 1000 


CHINESE LANGUAGE 
B.C., we have been able to reconstruct many of 
these drawings in their earlier forms (Fig. i). A 
character of a woman and a child represents 

1^ ^ S It 

abed 

FIG. I. LVOIUIION OF A CHINESE CHARACrER 

a, Stone age pirtograph of a cooking pot, c, transition 
forms, dy moclt-rri character 

‘love’, that of a man and a child ‘protect’, and 
that of a hand over an eye ‘to look’, that of a 
woman under a roof ‘peace’, and that of a pig 
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FIG. 2. EXAMPLES OF CHINFSE CHARACTERS 


under a roof ‘home’ (Fig. 2). Each character is 
a visual symbol of the word the writer is trying to 
convey and is only indiicctly concerned with the 
sound of that word. Once a* Chinese has learnt 
that a certain character ^ means ‘elephant’ 
he will always understand it when he sees it, 
even th ugh it may be pronounced siang in his 
dialect « i jioeng in that of the writer. Cliarac- 
lers are isually arranged in vertical columns 
to be read from top to bottom, the columns 
being lead from right to left. 

In ancient Chinese, words contained only one 
syllable, so that all characters represent only 
one syllable. In modern Kuoyu, however, 
most words consist of combinations of two or 
more characters, each of which contributes to 
the meaning of the word. Thus^flii ‘to invite’ 
and ching ‘to ask’ make up the modem word 
yauching ‘to ir' itc’; similarly chu ‘to omergt’ and 
chu ‘to leave’ make up the modern word chnchii 
‘to go out’. The single syllable words of ancient 
Chinese arc thought to have consisted of many 
consonants and complicated double vowel 
sounds (or diphthongs). In the course of time 
these complications have been smoothed away, 
and syllables in the modern Kuoyii language 
consist of one initial consonant, one vowel or 
diphthong, and sometimes a final ‘n’ or ‘ng*. It 
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PAGE FROM A CHINI S> IIlSlORlf \l NOVEI , ‘XHt ROMANCE Ot 
IHE IHRIE kingdoms’ 

Pniitrd fioiTi wofKl-blocks in the i6th century 


may h4i\c been ab a lesult of the dropping out 
of initial consonants that there grew up a system 
of tones or pitches of the voice whereby each 
syllable may be prt^nounced in one of several 
different ways. The tone helps to distinguish 
several char(ictcrs w^hich would otherwise be pro- 
nounced in exactly the same way. In Kuoyii 
there arc four of these tones; the ^rst is pitched 
high and even, the second is pitched high and 
rises sharply, the third is pitched low and falls 
a little before it rises, and the fourth is pitched 
high and falls sharply. The syllable tu^ for example 
(pronounced rather like English ‘two’), means 
‘bald’ in the first tone, ‘disciple’ in the second, 
‘earth' in the third, an<J ‘rabbit’ in the fourth. 


Until the beginning of the -aoth century the 
greater part of written Chinese was in a style 
which imitated that of the Chinese classics, most 
of which were written before 200 -b.g. This 
written style, which the Chinese call Wtnyaii, 
became more and more artificial anjd far re- 
moved from current speech, so that it is now 
almost a different language. Since, morcovei, 
it could only be understood by scholars familiar 
with the classics, it appealed to only a very 
small proportion of the people. In 1917, how- 
ever, there was a revolution in Chinese liteia- 
turc, and writers began to write much as they 
spoke; so that now, with a knowledge ot somi^ 
3,000 characters and a knowledge of modem 
colloquial Chinese, it is possible to lead willi 
case most of the books published to-day. 

Chinese has often been described as the most 
difficult language in the world. It is true that 
it is extremely difficult to learn to speak Chinese 
perfectly, and the learning of characters onl) 
increases this difficulty; but since the language' 
has no inflexions, declensions, and conjugations 
— that is, no special endings to show the lunc - 
tion of the words in a sentence {ire LANouA(rL 
Structure), it is one of -the easiest things in the 
world to make oneself understood. If one does 
make the effort, moreover, one has the satis- 
faction of speaking one of the two languages 
which are spoken by more people than any other 
languages in the world — the other being English. 

See also Writing, His i dry of ; Lanouaol S rRuoxuRE. 

Sec also Vol. I: Chinese Givilizahon. 


CHRONOMETER is an accurate timepiece 
used for time-keeping at sea. Accurate time is 
meeded when fixing the position of a ship b> 
observing the stars, and before the advent of 
wireless time-signals, a ship niighi go for man> 
wrecks without being able to check its time. I’hc 
chronometer was invented by John Harrison m 
1735 Navigation), and was later improved, 
a?id manufactured for the first time on a laig(' 
scale, by two English makers, John. Arnold 
and Thomas Earnshaw. Harrison’s first chrono- 
meter was a massive affair: later models re- 
sembled more a small clock of to-day, and were 
mounted with a sprung suspension in a wooden 
box. By the end of the i8th ccntuiy Earnshaw ’s 
chronometcflrs were very similar in mechanism 
and appearance to those now in use. Even to- 
day the chronometer is still a delicate instru- 



merit, and must be looked after carefully if it is 
to remain accurate. Its box is kept in a special 
comparUnent as free as possible from vibration 
and changes of temperature. 

Wireless time-signals all over the world have 
greatly reduced the importance of the chrono- 
meter* and nowadays, particularly in aircraft, 
an accurate ‘wrist watch with a centre second- 
hand is often used instead. Before the invention 
of wireless, a ship would carry three chrono 
meters which would be compared daily — three, 
because then ^f one were to lose or gain it would 
l)e obvious which one it was. This is still done 
in large ships to-day, so that accurate navigation 
tan be maintained if the wireless breaks down. 

Sec also (Iompass; Si xtant. 

Spc also Vol. VJII: (Iiocks. 

CIVIL AVIATION, i. Air Rouies. Many ol 
tlie wwld’s long-distance air routes lollow I he 
old tracks ol' sailing ships and land travel, and 
do not try across tb'^' w'orld in a straight 

line ‘as the crow flics’. This is because long- 
established seaports and other cities, besides pro- 
viding passengers for air lines, poj^ess hotels, 
elec tric power, skih d^tc^chiiicians, Ibcjd supplies, 
and* facilities foi jii stoiagc, which would be 
difllcult to organize in the middle of a desert, 
for tliat leason an air route will often go the 
‘long way round’. The flight from London to 
Australia, instead cd going the shot test way 
across central Asia, passes through Rome, i lairo, 
Karachi, Calcutta, Singapore, and Batavra 
(Jakartii). 

Britain, being a small country' with well- 
developed land transport, is less d<*pendent on 
internal air transport than large countries like 
U.S.A. British airports, however, I'orm an im* 
portant link betw'ccn North America and the 
continent oC Eift'opc. The busiest^ airport in 
Europe is cyi the outskirts of London; at peak 
periods it handles an aircraft ^very 2 minutes 
on one runway alone. ^There are twelve major 
airports in Britain licensed to handle rej 'far 
passenger air-liners, and another fifty on me 
continent. • 

The air lines of the world, in 1949, carried 
25 million passengers. Day and night, through- 
out the year, aircraft took off and landed at an 
averag^of 720 craft an hour. There were 1 1,000 
flights across the North itlaniic. Of the 70,000 
passengdl*s carried on the world’s airlines on an 
average dav. 10,000 used European airfields. 

4852.4 


CIVIL AVIATION 

Air lines may be State-run or private corpora- 
tions, but in all countries the air-line routes and 
the kinds of aircraft they are allowed to fly arc 
under the g'bneral control of the govcrniwrit. In 
Britain this control is in the hands of the Ministr) 
of Civil Aviation. The principal countfies belong 
to the International Civil Aviation Organization 
(I.C.A.O.), wLich is linked with the United 
Nations (q.v. Vol. X); by this means govern- 
ments discuss and agree on international routes. 
Most countries agree that the aircraft of any 
country may fly with passengers to and from any 
other country. But a country will generally no! 
allow its own local tov/n-to-town air routes to b(' 
run by an air line of another country. The air 
lines themselves, through the InU'niational Aii 
'Iran.sport Association (I.A.T.A.), arrange the 
issue of international tickets, and the transfer ol 
fares due to one another. 

British air lines are controlled by two Govern- 
ment corporations. British European Airw^ays 
(B.E.A.) flies airc^'aft betw^ecn Biitain and Euro- 
pean ail ports. I’he British Ovta scas vVirways 
(Corporation (B.O.A.C.) links Britain with othei 
continents. 

B.fbA. is the w'orld's tenth largest air line. In 
1949 its aircraft llcw 15,145,000 miles, carrying 
7 o8,0()o i)assengers, 3, 400, tons of mail, and 
4,770 tons of freight. Roughly four-fifths of its 
income comes from passenger fares, the rest 
being divided between mail and freiglit. A good 
propo* »i^'n of B.E.A. passenger traffic connects 
Londoi nd Paris; more than 7,000 people use 
this routi in each of the summer months. 

Apait Irom the main air lines, many small 
companies sujqdy aircraft on charter, rather like 
Tramp Ships {see Shippinc;, Vol. VIT). 'riiey 
may be hired to carry a passenger on urgent 
business, but chiefly they carry out-of-season 
fruit, f expensive flowers and other perishable 
goods, newsreels, medical supplies, urgently 
needed machinery, or valuable live-stock such 
as racehorses One British freight-carrying air- 
craft has la'^,* doors through which a (sar can 
be driven straight into the hold; a party of 
motorists cah be flown across the English 
Channel while sitting in their car. 

^lany aircraft carrying out flights within a 
continent are two-engined machines with a total 
horse-power of 2,200 to 4,400. The longer flights 
across oceans are mostly made by four-engined 
craft with a total horse-power ranging between 
5,000 and 14,000 ( s^e .Air-liner). 
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2« Safety Rules. Every country makes safety 
rules, because carelessness in flying, aircraft 
building, or airport management could cause so 
many aecidents. Since each aircraft which visits 
any country has to observe the local rules, most 
of the nalio^is have agreed to certain standardized 
. I’ules, besides other rules which are only observed 
by the countries that make them. 

Safety standards concern four things: {a) the 
qualifications of the air crew; [b) the design, 
manufacture, and maintenance of aircraft; (r) the 
navigational facilities provided for aircraft, such 
as radar and weather news; {d) the actual method 
of piloting an aircraft. 

In Britain each member of the Aircrew (q.v.) 
must hold a licence for his own kind of work, 
whether pilot, engineer, or radio operator; the 
licence is given after an examination, which is 
repeated every year. High qualifications an* 
needed: an Airline Transport Pilot’s licence, 
which entitles the holder to command any trans- 
port craft, is granted only if an applicant has 
flown at least 1,200 hours as pilot-in-command 
or co-pilot. 

Each British aircraft must have a certificate of 
airworthiness, which is given only if the maker 
satisfies (jovernment-appointed examiners that 
special rules for manufacture were obeyed. I'lic 
certificate must be renewed eveiy year after 
examination of the aircraft, which must be 
maintained according to approved methods. 

For every kind of flight various navigational 
aids arc laid down, including radio equipment 
and radar instruments, depending c^n the facilities 
available at airports whic:h the aircraft will use 
{.see Navigation, Air). 

Rules about the actual use of an aircraft 
govc-rn its loading, the amount of space on the 
aerodrome within which it must be able to lake 
off or land, the heigiit by which it must rleai 
(obstacles on the ground, the fuel reseives to be 
carried, and the composition of the ah crew. 

All pilots are regularly trained in the use of 
particuiar aeiodromes; on a single route the pilot 
may "have to know the exac t way to land and 
take ofi'at twenty aerodromes of diffijrent pattern. 
Less severe rules apply to private flying, in which 
a pilot is not allowed to cany passengers for 
payment. Interchange of rules is arranged by 
the International Civil Air Organization, to 
which fifty-four nations belong, and which has 
its headquarters in Montreal. 

Sec also Aeroplane ; Air-line^ ; Airport. 


CLASSICAL SHIPS. On the banks of the 
Rivers Nile, Tigris, and Euphrates sprang up 
the first town civilizations {^ee Ancient Civiliza- 
tions, Vol. I). Growing cities in Egypt and 
Asia Minor, needing to draw imports from ever 
wider areas, relied on these rivers as highways 
of trade, government, and war. The monu- 
ments and burial treasures of anjcient Egypt 
arc rich in representations of notable fleets and 
in models of smaller vessels. Shipbuilding is 
also depicted. The Egyptian wooden ship was 
shallow, broad of beam, overhang; ng the water 
at bow and stern, keellcss, with A-shaped mast, 
steered by one or more rudder-oars, and rowed 
by anything up to fifteen men a side. Simple, 
oared galleys with sharply up-turned bow and 
stern appear on the later monuments of Egypt 
and Mesopotamia. They seem to be typical 
of the seafaring peoples who dominated tlie 
Mediterranean after 1500 b.c. and yielded 
ultimately to the Greeks. With such shijis, 
probably, people of the island of C^retc estab- 
lished their w^ide maritime empire {see Mingans, 
Vol. I), and the Phoenicians (q.v. Vol. I) ol 
lyre traded with Spain, founding Cadiz on the 
Spanish coast and Carthage in Africa, and even 
sailed as far as Britain. 

The Cretans were followed by the CjRKKKS 
(q.v. Vol. I), who were a great seafaring people 
even as early as the 12th century b.c. W'e know 
this from the stories of the expedition to 'I roy, 
and of Jason’s voyage in the shij) Ar^o to the 
farthest limits of the Black Sea {^ee Gkllk 
Heroes, Vol. I). Homer’s poetry and a crude 
drawing of a galley from the late heroic age 
show the characteristic features of the eaily 
Greek war-galley, a high, up-curving stern, and 
4 snout-like bow often painted to resemble the 
head of an animal Junk), behind which the 
how-post is stepped into the kertl at right-angles 
(see Fig. i).* The method of construction of the 
bow suggests th»t the long, narrow, light Greek 



£ouvre, Paris 

IIG. I. SHIP UN THE ‘fRAN^.01S VASE*, FARLY 6tII CENTURY 
B.C. 

The sliip has been beached stern lirst 
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Archaeological Museum, Aiadrtd 

riG. 2 fl. TRIACONTER ON A GREEK VASE ot about 5 OO 11. 
The oarsmen's heads can be seen above tlic ^'nnwalc 
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nr. 2 b. 1‘LNU.CONTLR UNUER SAII. AND (JAR 

Painting on a Greek vase, Gth century n.c. 

galJey dcriv. thr bark canoe, or from 

ihc intermediate type, the dug-out canoe {^ee 
Canok), a single rectangular sail, which could 
be shortened in too strong a wind,^hung from 
a yard-arm slung from a single mast stepped 


CLASSICAL SHIPS 
into tile keel. The steersman sat in the high 
stern and steered with two rudder-oars, one on 
each side of the ship. Oars were used where sail 
was unsuifciible, particularly when the ijhip was 
being brought in to tlic beach stern first, or was 
being taken out. At first ships wer^ classified 
by the number of oars worked, twenty usually, 
in Homer’s Odyssey, though fifty-oared ships are 
mentioned. Pcnteconters (twenty-five oars a 
side) and triaconters (fifteen oars a side) are the 
typical war-galleys of early Greece {see Fig. 2). 
For trade the (Greeks used what they called 
‘round’ ships {see Fig. 3), as opposed to the ‘long’ 
warships, i'hcse two types remained essentially 
unchanged throughout classical times, although 
between the 8th and the 5th centuries b.c:. and 
again in the 4th century B.c. the war-galley 
adopted new methods of row'ing. 

The fust developments were in the interests 
of efficiency, to increase oar-power without 
the counterbalancing increase in weight wdiich 
mere lengthening of the ship would bring. By 
an arrangement of oars at two levels the same 
number of oarsmen could work a ship of half the 
length (sec Fig. 3). I’he old names, pcntecontcr 
and triacontcr were, at first retained, but when. 



Fl . 3 . MERCHANT SHIP (u Fl) AND TWO-LEVEL WARSHIP fRlGHT) 
Painting on a Grevk cup, about 500 b.c. 


Bntish Museum 




CLASSICAL SHIPS 
by the invention of a projecting support lor the 
oar, a third level could be added, a new name 
Uieres (Latin: triremis) was introduced to indicate 
that the ‘room’ or longitudinal sprfce allotted 
to each oarsman in the simple galley now 
accv^mmodaled three men. The classical trireme 
had a crew of 200 (30 ofliccrs and marines, 1 70 
oarsmen), and was about 100 feet long and 20 
feet broad. The three men in one ‘room’ ^t 
difierent levels used oars of the same length, 
but nevertheless the system must have required 
a very high degree of skill to work successfully. 
The citizen crews of Athens, by their mastery of 
a difficult weapon, won for their city, in tl ' 'jth 
century B.C., an empire and leadership ol the 
civilized world. 

'I'he last development of the ancient oared 
galley was to meet economic needs rather than 
to increase efiiciency. In spite of a shortage of 
skilled oarsmen, Athens was bent on restoring 
her naval power which she had lost in her 
struggle with Sparta. Towards the middle of 
the 4th century n.c. she built tetrereis (Latin: 
quadrbernes) and pentereis (Latin: quinquerernes) by 
setting two or three men at larger oars probably 
at two levels. Later, when, after the death of 
Alexander the Great, the rivalry between the 
kingdoms of the Eastern Mediterranean was in- 
tense, the number of rowers in each ‘room’ went 
up to ten, and led to the gigantic penteconters, 
built in Egypt; in these the enormous oars at 
three levels must have been worked by sixteen 
or seventeen men each, lialf the gang pushing 
and half pulling, as in some French and Italian 
galleys of the 15th and i6th centuries a.d. 

When the Romans took to the sea to defeat 
the powerful Phoenician colony of Carthage, 
they sensibly adopted the quadrireme and quin- 
quereme, types sufficiently light and manoeu- 
vrable^ but providing a solid platform for the 
deck-soldiers on whom they principally relied. 
At the battle of Actium in 31 b.g. Augustus 
defeated his rival Antony, who was supported by 
the fleet of heavy ships of the Egyptian Qiieen, 
Cleopatra. This naval fight seemed to prove the 
value of lighter, more manoeuvrable craft against 
the heavy ships of Alexander’s successors. This 
battle, in fact, by establishing the Roman im- 
perial power, removed the necessity for battle 
fleets for three centuries. When, in the 4th 
century a.d., the Roman power was again dis- 
puted in a sea- battle, triremes were the heaviest 
vessels mustered, and all wcfe on the losing side. 
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By the end of the century the three-level ships 
seem to have vanished; the two-lcvel system, 
however, survived in the Byzantine •dromond, 
which was still to be found in the pastern 
Mediterranean at the tirfic of the Crusades. 

See also Saii.ino Ships. 

CLIMATE AND COMMUNICATIONS. I he 

way men travel, like their food, their clothes, 
and their hduses, is affected bv Cmmate (q.v. 
Vol. III). This is particularly so in parts of the 
world in ‘which the climate is extremely cold 
(see Snow and Ice Travel) or extremely dr) 
(?ee Desert Travel). 

1 . Road. Rain is the feature of the Biitisli 
climate which has caused most trouble to 
travellers by road in the past. Before the intro- 
duction of Macadam Roads ((pv.), and later of 
tairnac, rain covered the rough trai ks with a 
deep layer of mud, and made tiavel witli an\ 
wheeled cart or carriage almoj^t impossible in 
winter. Even pack-horses weie very much 
hampered. Nowadays much care has to be paid 
to drainage, so that roads may not leiiiain \Net, 
and likely $0 cause skids. All lubbei tiies novs 
have treads of various patterns calc ulated to 
reduce the chances of skidding. There is a skid 
test-track at the Government Road Rc'seairh 
Laboratory, at Harmondsworth in Mid(llese\, 
where different kinds of tire and road surface 
are tried out under the most difhv^ult conditions. 
At th? London Transport tjaining-school for 
bus-drivers, pupils have to drive on a concrete 
track covered with mud and oil, and learn to 
control their skids. 

Water in motor-car radiators may freeze in 
very cold weather, causing the radiator pipes to 
burst when the ice thaws. This can be avoided 
by adding a liquid preparation of glycerine, 
which has a, lower freczing-poiift than water. 

When there is snow on the grouivl, tires are 
fitted with speefal chains which bite into the 
snow and prevent slipping. In cities salt is some- 
times put down; a mixture of salt and snow has 
a lower melting-point than ordinary snow, and 
as the temperature is usually above that lower 
point, the snow melts. If the fall is a heavy one, 
snow-ploughs may have to be used. These are 
of two kinds: a rotary plough, as used in Scot- 
land, consists of a large spinning fan mounted 
on the front of a heavy lorry to cut a path 
through the snow; a simpler snow-plofigh is a 
vehicle on caterpillar track? with a low, pointed 
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In mountainous areas, such as those of the locomotive 
Alps in f:urope or the Rocky Mountains in 3. Sfa Although ships are no longer depen- 
Noith America, the serious ^angci ol avalanches, dent on the wind, flvwTnay be slowed up and 



CLIMATE AND COMMUNICATIONS 
even endangered by gales and fog. Until quite 
recent times, the closing down of a sea fog in 
busy shipping areas was marked by^the ringing 
of fbg-bells and the rattle of anchor cables as 
ships were hurriedly moored; no vessel dared 
tmOvc untfl the fog lifted. The development of 
radar instruments for detecting objects at night 
or in fog, has made a change. A cargo vessel 
has been known to leave a Continental portnn 
a fog too thick for even the harbour pier-heads 
to be seen; the ship has crossed the North Sea, 
and navigated through lines of fogbound ship- 
ping in the Thames to her berth at Tilbury, 
entirely by the use of her radar apparat.t> {see 
Navigation, Marine). 

The danger presented by icebergs, often 
shrouded in fog, was brought home to people 
in 1912, when the British liner Titanic^ then the 
largest and fastest ship in the world, stiuck an 
iceberg on her maiden voyage from South- 
ampton to New York, and sank with the loss of 
more than 1,500 lives. Largely as a result of this 
disaster, coastguard cutters of the United States 
maintain by international agreement an ice 
patrol between March and June of each year. 
During this period the shipping routes of the 
North Atlantic arc invaded by Icebergs (q.v. 
Vol. Ill) which break away from the ice of the 
Polar regions under the influence of spring 
thaws, and drift southward. Vessels of the ice 
patrol send out radio warnings of the position 
of icebergs and, when the bergs are not too 
large, sometimes destroy them by gunfire or 
explosive charges. 

It is important for the master of a vessel to 
have warning of a gale, so that he can alter the 
ship’s course and avoid the worst of the bad 
weather. To help aircraft and ships, weather 
forecasts arc broadcast, based on information 
received from thirteen spec ial weather-watching 
ships which are stationed in the Atlantic {see 
Weather Forecasong, VcjI. III). 

4* Air. The chief weather hazards of aii 
travel ‘are violent air disturbances which buffet 
an aircraft during storm; ground fog which 
impedes taking off, landing, and tke recognition 
of landmarks; and ice forming on the aircraft. 

Serious storms arc avoided by a change of 
route, which is one reason why aircialt carry 
more fuel than they need for their direct 
journey. Ground fog, if local, can be avoided 
by diverting aircraft to fog-1 ree airports. If the 
fog is not too thick, ‘blind flying’ instruments 
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will enable aircraft to take off and land; even ' 
with their use, a pilot is required to be able to 
see the ground at a distance of a fewr feet {see 
Fi.ying Instruments) . If thick fog is widespread,, 
flying is stopped: 

Ice can be a serious danger. If a thick laj^'cr 
of ice builds up on the leading edge of the air- 
craft's wing, the shape of the edge, which has 
been carefully designed to slip smoothly through 
the air {see Flying), will be altered. The wing 
may cease to have any lifting p^wer, and the 
aircraft will then ‘stall’, and may fall to the 
ground out of control. A second danger of icing 
is that its weight will overload the aircraft, and 
even upset its balance. Tcc may form on the 
edge of the propeller, which will then cease to 
grip the air, and the aircraft may ‘stall’. Ice in 
the carburettor may retard or even stop the 
engines. Ice on the windows will blind the 
pilot. Ice on the wireless aerial will interrupt 
communications with an airport controller. Ice 
in the altimeter tube will prevent the pilot 
knowing the height of his aircraft. laimps of ice 
have been known to smash the blades of a gas- 
turbine ei^gine. 

It is not always easy to prevent ice forming. 
Ice forms where there is moisture in the air, 
that is, in cold cloud. There may be too much 
(ioud in the sky for the aircialt to ‘fly round it’. 

Ij: may be impossible to climb above it, for the 
cloud may reach to 20,000 feet. Air ci aft arc 
protef ted from the danger of icing by devices 
fitted to their structure. Stiips ol rubber in- 
serted in the IVont edges ol wings and tail-fin 
can be made to move with a continuous 
ihythmic movement which breaks up thin Irag- 
ments of ice before they have time to thicken 
*and become a danger. These edges are also 
sometimes fitted with poious stiips, through 
which is squeezed a liquid with a very low 
Ireezing-poiiit 10 melt the ice. In ^ome aircraft 
hot radiator piping is led through the wings and 
t^il. The carburettor acid other parts are also 
warmed. Cockpit windows arc kept clear by 
a spray of an ice-melting fluid, by a stream of 
warm air, or by electrically heated wires running 
between the transparent layers of* the window 
panes. Propellers arc kept free from ice by an 
ice-melting fluid whict is allowed to flqw along 
the blades. The blades of some propellers are 
electrically heated. 

5. Telecommunications. Telegraph and tele- 
phone communicatic>ns as well as broadcast 



’ programmes, whether conveyed by wire or by 
means of wireless, are subject to interference 
both by w.eathcr and by electrical disturbances 
• from beyond the region of the earth. Overhead 
wires for telegraphs and telephones are some- 
tkhes broken down by snow and ice. Crackling 
can be heard in the earpiece of a telephone 
when flashes of lightning occur in the neigh- 
bourhood. 

Wireless transmissions are subject to ‘atmo- 
spherics’ whigh may vary from a series of loud 
bangs to an almost inaudible hum, known as 
‘background noise'. Atmospherics arc caused 
by electrical discharges in the atmosphere — in 
other words, lightning. In the vast tropical 
areas of the world there arc thunderstorms in 
progress most of the time in one district or 
another, and these powerful discharges of 
electricity are ‘heard' by wireless sets thousands 
of miles av ay. The continual picking-up of 
these distan*^ discharges (numbering perha])s 
hundreds in a minute) by a w irelcss set is a cause 
of the laint background hum that is often heard. 
(Another cause can be a fault within the set.) 
As with the telephone, a storm nearb/ will cause 
loud bangs or cra^ I'Un^ in the wireless set. 

Short-wave wireless is hardly affected by 
atmospherics, because the natural wave-length 
of a flash of liglitning is ‘long’. A short-w\'ive 
transmission, liowTver, is likely to be affected by 
distortions and fading if it is received from a long 
distance. When transmissions from AmcriJa c^^e 
being heard in Britain, for example, voices may 
become distorted and even cease to be heard. 
This is more liable to occur in the day than at 
night, and especially during periods of intense 
sunspot activity {see Sun, Vol. TIT). An electri-^ 
cally c harged layer abewe the ujiper atmosphere 
normally reflects, back tow'ards the eai th all 
wireless transmissions, which can then be heard 
over a wide* area (see Wireles|, History of). 
This layer sometimes becomes erratic, and parts 
of it cease to l eflect wireless waves, which escTpc 
through, the ‘hole’ in the layer and are los in 
outer space, instead of being received in wireless 
sets. 

See also Vol. Ill: Ftjc; Icebergs; Weather Fore- 
CASiiNci; Wind. 

CLIPPER SHIP. The Upper was a very fast 
sailing slyp, rigged as a full-rigged ship: that 
is, her three — occasionally four — masts w'ere 
rigged wdth square sails, -«part from the fore- 
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and-aft sails on the foremast and the mizzen. 
Her lines were slim and yTicht-like, with a 
lovely sheej or curve from bow to stern, which 
dwindled to a minimum amidships w'flerc the 
mainmast was stepped. Usually her masts were 
raked slightly aft; in the American clippers thijp 
rake was more pronounced than in the British 
ships, although the fine ships of the Aberdeen 
VVHiite Star Line, ow'ned by George Thompson 
& Sons, came very close to American fashion 
in this respect. 'Fhc tonnage of the clippers 
varied; on the average the British clippers did 
not much exceed 1,000 registered tons; but ‘the 
later American clippers averaged 2,000, and 
some w'cre as large as 3,000 tons. The designing 
of the clipper shi[) w'as the linal attempt to prove 
the supremacy of sail over steam, and for a time 
the performance of the clippers brought great 
glory’ to their owners and to those who saih*d 
.ind manned them. The ascendancy of the 
clipper ship lasted for about 30 years, fiom the 
middle of the iB4o’s to the middle of the 1870’s. 

The forerunner of the deep-sea clipper was 
the Baltimore clipper, built on the lower reaches 
of the River Potomac in the State of Maryland, 
U.S.A. 'I’he B.dtiinore .ships were, howevei, 
rather small and not full ligged, for the narrow- 
ness of the river limited t?\e si/e of ship tliat 
( ould be built in the yards on its banks. The 
first real ocean-going ( lij)pers w'ere built on the 
same d<™sign and lines at New' York and Boston. 
One ol ie earliest built was Sea of 907 

tons, la I idled at New York in 1844. Her 
design had great inlluence on the form that 
fast dv ep-sea vessels w ere to take for many y'cars. 
Shoitly after, Oiiental and Cklestial wcie built at 
New’ York. Orunlal lan the distaiue of over 
14,000 nautical miles Irom New' York to Hong 
Kong in less than 71 days, her avcrag<* daily 
run being 200 miles; later, Celestial beat by 
2 days Sea record of 97 days for the run 

horn New' York to San Francisco. Soon after- 
wards these lew American clippers be^an to 
appear in British waters, notably in the I’h.imcs 
and the Me^jsey', to compete against British 
ships for the British carrying trade. British 
ow'n’'rs became not only very concerned at this 
move, but also much interested in the design 
and performance of the ships ; and shortly after 
1850 Mr. Green, owner of the Blackwall Line, 
laid down Britain’s first clipper, appropriately 
named Challenge^, Mr. Green’s example w'as 
soon followed by (»tlfer owners; two ships w'cre 
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ordered by Jardirie, Maiheson & Company, thf' American clippers did iheir best to beat steam 
China merchants, for the export lea trade from arrosJ the Atlantic, and althoui^h they weie 
China; other iamoLis British owners were Devitt eventually doomed to fail they j)ut up some 
& Moore, Money Wigram & Company, marvellous performances. Dreadnouohl laii horn 
George Thompson & Sons of Aberdeen, Scott New York to Q^ueenstown (Ireland) in q days 
& Company of Greenock, and Willis of London. 17 hours, at an average speed of 12 knots 
The British ships put up some marvellous Ashburton crossed from New York to Liverpool 
performances, though on the whole the Ameri- ui 12 days, and Glenijfcr made a passage IVom 
cans did better. Perhaps the most famous of Quebec to Greenock in 15 Lhe (hiaf 

the American builders was Donald McKay of Republic of 3,400 tons ran horn New Yoik to 
East Boston. In 1851 his Flying Cloudy of 1,782 Scilly in 13 days, and was only prevented from 
tons, beat the record from New York to San making a n*cord passage to the Downs (off the 
Francisco by a passage of 90 days, her highes. 8911 th Foreland) by a strong eastt;rly gale and 
run in the 5*4 hours being 427 nautical miles, a slow 3 days’ beat up-Charmel. 

Tn tfic following year the v(\sscl that was perhaps The opening up of California and Australia 
his masterpiece, of 2, 42 1 tons, during the years that followed the gold dis- 

broke all records. On one occasion she logged coveries of 1848 and 1849 gave 'the clipper 
1,367 miles in 4 days, an average of over 14 knots, captains a wonderful chance of showing what 
Her best day’s run was 436 miles. their ships could do. There was then nc^ railway 

In those days steamers were already running from the east of the United States to the far 
regularly across the Atlantic, although they had west, and miners and prospectors had to choose 
not yet been used on the long runs round the between 6 months of trekking across country or 
Cape of Good Hope ^nd Cape Horn. The 3 months at sea on the long passage round the 


•Horn. Every day saved on the sea passage 
might make a great difference to those seeking 
their fortunes at the gold-fields ; and the Ameri- 
can clipper captains and crews were attracted 
to the California run by the often fantastically 
high rates' of passage offered. Details of these 
Californian voyages are scanty; in any case the 
conditions did not make for record-breaking, 
as the outward voyage involved beating round 
the Horn against the prevailing westerly gales, 
and the ships had to encounter both ways a 
persistent belt of calms north and south of the 
Equator. But during the Australian gold-rush, 
and in the years following, when the wool trade 
was being developed, conditions were hivourahle 
for really fast passages, as both outward and 
homeward voyages were made in an easterly 
direction in order to use to the full the prevailing 
westerly winds. Racing developed between the 
Britisli and American clippers, and records weie 
established onlv to be immediately eclipsed. 
Blackwall, one ol (been a ships, ran from 
Melbourne to the Downs in 1867 in too days, 
riiis perrornianee was soon beaten by Money 
\Vigranrs Su^^ex, which ran from Me] 4 )ourne to 
Plymouth in 85 drvs. ^’liese records were pro- 
gressively beaten by the American-built clippers 
Mmeu Polo, whi(li took 7^, days for a run irom 
Melbourne to Liverpool, and Red Jacket^ on the 
same voyage but outward bound, in (iq days. 
The famous American clipjrer, Liolilninff, ])ei'- 
haps one of the most beautiful ships that»e • ■' 
sailed the seas, ran from Liver pool to Melbourne 
in 83 days, and did her return voyage in 84 
da>^. The record on the Auslialiati run was, 
however, probably achieved by th ■ Aberdeen 
White Star clipper Thermopylae, a ship of just 
under 1,000 tons, which on her first v<^yage,‘ 
from I..ondon^to Melbourne, acromplishcd the 
run in 80 days exactly. 

British and American cLppers also competed 
vxath each other in carrying the fiftit of the CJhina 
tea crop from Shanghai to London, the I'ace 
being won by the ship that could run fi 1 
Shanghai to the Thames in tlie shortest possible 
time. In tliis K*ce the British»ships by 1870 
had proved themselvc^s altogether fastei than 
the American. The most spectacular race was 
that of 1^66, betVvecn Ariel and Taeping, Ixith 
Scottish-built at Grccno< ’ In that year’s race 
Ariel, Taeping, and Serica left Eoo-choo-foo to- 
gether. At sunset on the first day out they parted 
company, and did nft ^nget again until they 
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were off the mouth of the English Channel. 
Ariel and Taeping ran up- Channel in company, 
but in coming up the Thames Ariel drew ahead 
of Taeping and was first to arrive off Blafkwall. 
Unfortunately she was too late to enter the 
West India Docks that day, and she hrfd to chop 
anchor and wait for the next tide; meanwhih* 
Taeping passed her and managed to enter the 
locks of London Docks on that tide, and thus 
claimed the prize as having been the first shij) 
to berth. In the following year there was onl) 
a difh'rencc of 5 hours between the times ol 
Ariel, which was judged the winner, and .ol 
laeping. Perhaps the most famous ship on the 
China run, and certainly the best known to 
most Englishmen, was Cutty Sauk (c[.v.), 
owned by Messrs. Willis of London. She was. 
however, rather unlucky in the China tea races; 
but was moic successful on the Australian run, 
making eight successive voyages between Lon- 
don and Sydney in an average of 75 days. 

d'he ripening ol the Suez Ckuial in i88p re- 
duced the time taken on steamer voyages to the' 
East, and thus allowe'd cai go-steamers to com- 
pete financially with the clippers so successfiilK 
that in a few more years clippers no longer sailed 
on the (’hina run. For many years they sailed 
te'gularly on the Australian run, but even here 
th(‘y were eventually beaten by steam, and by 
i8qo their days were fully over. 

'Inc clippers marked a glorious stage in th(“ 
histoi) o, ’he sea. The^ were lovely and grace- 
ful to lo. v at, the tall tapering masts of the 
largest ol them reaching a height of Just under 
200 fc.t. They were exacting shijis for their 
crews to manage, for they were built le)r speed, 
and every change in the I'orcc of the wind meant 
that all hands had to turn out to make or 
shorten sail. For a clijiper crew there was no 
ambling along for days on end with modf;iat<- 
canvas set. The clij)pers were handled by some 
of the finest shipmasters the sea has ever bred, 
who knew to ^ minute how long they dare carry 
on with their existing spread of sails in tlfe face 
of rising wind and weather, and who never 
shortened sail or slacked a sheet or a brace uiitil 
absolutely necessary. There is a legend of an 
American captain who, with all sails set as the 
wind began to rise to a gale, stood on the poop 
with a revolver in each hand and threatened to 
shoot the first member of his crew who should 
lay a hand on the braces. 

See also Saiiin(; Siiirb.* • 
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COACH, see Carriages ; Stage Coach ; Motor 
Coach; Railway Coaches. 

COA(^ STATION, see Bus and Coach 
Stations. 

ft 

COAST-GUARDS, see Lifeboat. See also 
Smugglers, Vol. X. 

GOAT OF ARMS, see Heraldry. 

COCKNEY, see Slang. 

Codes and ciphers, since early times 

men have found it necessary to write things 
down in such a way that they could be read only 
by the person for whom they were intended. 
From this need has developed the usp of codes, 
ciphers, and cryptography, the terms commonly 
used for secret writing. 

There are many examples in history of the 
use of cipher. Julius Caesar frequently coded 
his documents by the simple device of moving 
each letter in the message three places forward 
in the Roman alphabet. Cicero, the Roman 
statesman, used a kind of secret Shorthand 
(q.v.) more than 2,000 years ago. King 
Louis XIV of France used to issue to people of 
importance what we should now call identity 
cards. These cards carried signs and symbols 
which conveyed secret infoimation about the 
holders, intelligible only to the King’s officers. 

A plot made by Anthony Babington and others 
to kill Queen Elizabeth in 1586, and to place 
on the throne the imprisoned Mary Qiieen of 
Scots, was discovered laigely by the unravelling 
of ciphered mc.ssages which passed between the 
conspirators and Qiiccn Mary; this discovery 
played a great part in the decision to execute 
her. •When Samuel Pepys (q.v. Vol. V) wrote 
his famous secret Diary, discussing the inti- 
mate personal lives of notable people in 17th- 
ccntujy Lopdon, he used a kind of shorthand 
of which no one else had the key. More than 
150 years later, a patient student named John 
Smith succeeded in deciphering the secret 
writing, and in reading the 3,000 pages of 
Pepys’s private note-books. 

In the modern world all important govern- 
ment telegrams arc sent in some sort of code 
or cipher, of which the key — the secret of how 
to decipher the message — is carefully guarded. 
Also much of the cablmg between business 
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houses is done in code. This is often as much for* 
economy as for secrecy, for certain codes use 
fewer letters of the alphabet than ordinary 
writing. 

Some systems are vci^ simple. It is said that 
a man once went into a shop, snilTccI, and sSiid, 
‘What a smell of gunpowder!’ The shopkeeper 
was visibly upset for he was using the nine letters 
of the worej ‘Gunpowder’ to mark his prices, 
G standing for i, U for 2, N for 3, &c., to which 
he added the letter X for o. By Jiis remark the 
visitor let the shopkeeper know that his code 
was known. 

This code is an example of the simplest and 
most obvious kind of cipher, a simple substitu- 
tion. In such a code, which substitutes letters 
for figures, obviously only ten letters of the 
alphabet will appear, as there are only ten 
figures which they can represent — the figures 
o to 9. In consequence this type of code is easily 
recognizable. 

There arc also letter-for-lctter substitutions 
which use the entire alphabet. A keyword or 
phrase is agreed upon — say ‘Zoological Gardens’. 
Each lettCr is used only once, so this becomes 
‘Zolgicardens’. The letters of the alphabet 
which have not appeared in the keyword now 
follow, and under these twenty-six letters we 
write the alphabet in its customary order. Thus 
we have: 

O L G I C A R D E N S B F H J K 

A B G D E F G ll I J K L M N O P Q 

M P QT U V wx y 
R S T U V W X Y Z 

^ Any message can now be coded by reading 
each letter in turn from the bottom line and re- 
placing it by the letter above,. ‘Meet me at th'^ 
station 2 pm’ in code is ‘biiq bi zq qri pqzqdhf 
2jb’. The maq with the key phrase (Zoological 
Gardens) can easily read the coded message. 
But with patience and* ordinary skill it can be 
read even without the key. How dc^es* one 
tackle it? 

If we study ^ several long passages of prose 
containing say, 10,000 letters eadh, and count 
the number of times each letter in the alphabet 
occurs, v/e shall find that the proportif'ns of the 
various letters are very much the same for each 
passage. A table, called a ‘frequency table’, 
gives the order of freqycncy of the letters of 
the alphabet in ordh: ty English writing. Such 
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tallies are of immense importance in solvrif 
cryptograms The oiclei of liccpuiicy foi 
Engksh IS as follows , 

I I C) \ N I R S H D L U C M P 
h Y W G B V K J X Z Q 

The first step in solving a cnptrgiam is to 
make a count of the letters used If the distiibu- 
tion is very uneven, some Ictteis being common « 
and others quite raie, we are probably dealing 
with a eiyptogiarn of this kind If the message 
IS short the solution mav be verv diflicult oi 
even impossible, if it is long, suciress should be 
c ei tain In Lnglish the common It tic r E is oftc n 
follo\ual by R or by S ^ooks on enptogr i, ^ 
give all fiorts of information of this soit Inc 
final answer is o^ tamed by tria^ and enor, the 
solver being guided at every stage by the fre- 
quencies of the letters, and the fact that tnc 
letters obtained must read sensibly. 

Each I&nguage has its ^wn frequency table 
In Spanish A is almost common as E In 
German Z is much more common than it is in 
English, and so is thc^e^tter W in Dutch One 


more point should be noted Any af) symbols 
can be used instead of lettcis If odd-looking 
svmbol ” found /'‘’lu h as those in ‘ 1 lu‘ Dan- 
cing \1ci m Gonan Do)les Rilurn of Shrlock 
Holmes) the final ciyptogi.im may ap[)car very 
inyster ms, but the solution is not necessarily 
any more difla ult I he 2 b symbols are listed 
and counted, arc! tin pioress is then just as 
bcfuic 

Sometimes the coded message is broken in^o 
groups ui the same number of Ictteis as the 
words in the original message This is a ‘tre- 
mendous help to the sober fie would begin by 
finding the kt»'"r or symbol representing L, and 
then make '.tudy of the two-lctter >AOids 
Common two-letter words ending in Is arc BE, 
HE and MB A common two-letter word 
ending in O is 70 Moie often, however, the 
mess igeis divided into five-lettei groups, regard- 
less of the number of letters in the words of the 
message 7 his makes the solution moi e difficult 

Another type of message is that described in 
Jules Verne’s well-known story The Cryptogram. 
I he author is quite ^wyong in saying such a 
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cryptogram cannot be solved. It is not even 
very difficult. The coding is done in this way. 
A key number Ls agreed upon. We, will take as 
an example 1473265. Suppose we wish to code 
the phrase: ‘Come at once; there is danger 
afoot’. The message is written out with a figure 
of the key under each letter in order, the key 
being continually repeated. Wc get: 

C O M E A T O N C E T IT W R E l' S 

14 7326514732!) 5 147 

D A N C E R A E O O T 
'3 6 5 1473265 

Each let Lei is now inovecl on as many places in 
the alphabet as is decided by the figure beneath 
it. T’or instance, the fust letter, C, is moved 




r A-. 


tvVx/jL 

it 0 



one on to D; the second letter, O, is moved* 
four on to S; and so on, until we have: 

D S T H G Z T O G L W J K W F M Z G C 
TLFVHI,(:iU Y. 

It will be noticed at once that two. letters 
which are the same in the text need not be the 
same after coding. For example, the first C 
becomes D^ but the second becomes G. So a 
count of the letters in the coded text will not 
help much. , 

The solution must be effected in two stages. 
First we must discover how many figures there 
are in the key. Notice that the clear text ( on- 
tains the sequence ER twice, once represented 
by KW and once by FV. But if these two EK\ 
had happened to be a!)ove the same two figuies 
of the key, they would clearly have given two 
identical pairs after coding. In the latter case, 
since we have a seven-figure key, it shcjuld be 
clear that the distance apart of these tvNo ER’s 
w^ould have had to have been a multiple of 
seven. 

So we must examine the coded text for te- 
peated sequences. If a Jong scc|uencc, say five 
letters, can be found repeated, it is almost cei- 
tain that a secjuence occurred twice in the cleai 
text, and that the distance apart of the two 
orcuirences is a multij)le of* the number ol' 
figures in the key. Once the length of the key is 
determined, the solution is easy to a patient and 
expcfienced person. 

To return to our example, the cryj)togram is 
written out in rows of seven letters ai ranged 
underneath each other (since theie are .seven 
figures in the key), thus: 

, D S T H C Z T 

O (; L W J KW 
F M Z G C T E ' 

F V H 1 d U Y 






Iio(V lan I thrary 


COD! II I HR FROM fTCII RJ!(;IJLS WKITTl N FROM KIMBER- 
Ll Y WIILN II V\ AS UI Sll Ol D UCRINe. 1 IIP SOUTH AFRIUAN W'AK 

Tlrasp give all nrws we have^ (harl, no messages from thr 
outci world siDce se\c‘utli November’ 


It is now clear that the letteis down an\ one 
cplumn are obtained by the same, figure ol the 
key, as already explained. The next step -is to 
find the key-figure for each column. For a long 
message this is e*isicr to detect. Even in the very 
short example we have taken, the repeated 
letter F in the first column stands for E, which 
would naturally be owr first guess, llvs means 
a slide fo»*ward of i, and i is, in fact, the first 
figure of the key. 

Each of the seven columns is examined in 
turn. When some of ♦be key-figures have been 



.correctly guessed, the others follow easily, since 
the known letters will suggest words, and these 
again wall suggest the missing key-figures. 

One well-known cipher is the ‘Playfair 
tlipher’. In this a diagram lik(;^a chess-board, 
but, wath only twenty-five squares, is used. A 
letter oT the alphabet is written in each square, 
I and J beingtre:ited as one. The order is de ter- 
mined by a keyword— w'c will again take 
‘Zoological dardens' as below: 

z o L (; ij 

c: A R D K 

N S B F 11 

K M P Q r 

U V W X Y 

I'o rode llie phiase ‘At oncc\ we divide it into 
[laiis oflettias; tlius, AT-ON-GFi. Find A and T 
ill the diagram. They are at two corners of the 
n'ctangle, AFTM. Replace them by KM, the 
two letters at the oth('r coi nias of this rta tangle. 
Similaily .j-t'-’ne*? ZS C and 1 '^ are on 
(he same hori/ontal row. Replace C iiy A, the 
letter on its right. In order to rejilace K liy the 
lettia^ on its I'ght, we go back (o the Jjcginning 
of th(‘ low' and le^ .are it by G. So ‘at once’ 
becomes, when coded, EMZSAG. In the case 
of* a pair of letters in the same vertical column, 
(Mch lctl(*r is rcj^kiced by the one immediately 
below it. Doubles (the same letter twice) are 
split Lifj bel()ie coding by inseiting a dummy 
leltiM', for instance a (.)^ oi an X, so tha^ 'TT 
might be written I’CIl'. Such dummy letters 
are easily recognizable by the decoder and are 
ignored hy him. Thus the coded text when 
divided into pairs contains no doubk's, and this 
lielps to identify the Playfair Gipher. Solution 
w'ilhout the kc)' is difficult. « 

lliert* is a large class of ci]:)hers known as 
‘transposition'^ciphers’. Such cijjhers keep tlie 
oiiginal letiers of the m ssage, but they are 
shuflled into some apparently hajphazard order. 

Most government telegrams are sent by 
means of spr*cially prepared code-books c •*- 
sisting ol' words and phrases each carrying a 
four- or five-figir c number. 'Fhf re is usually no 
relationship .between the meanings and the 
numbers. 2016 might mean ‘Liverpool’, 2017 
‘Why did you?’, 2018 a comma, and so on. 
I'here afe separate voh^nes for coding and 
decoding, the former ai ranged alphabetically, 
the latter numeriqgilly. Such code-books are 
kept under condition^^' strictest secrecy. Even 
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so, more important messages are not sent 
sti'aight from the book; but the book numbers 
are freciucntly further disguised for additional 
security. 

GOMPASS. This is an instrumeifct which, 
wherever it may be, indicates the direction of 
a line running north and south through its 
position. A steady course can therelbrc be 
maintained by a ship, an aircraft, or b} 
travellers on land. There are two main types 
of compass, the magnetic comj)ass and the 
gyroscopic comj)ass. d’he liiagnetic comj)ass is 
based on the movement of a small magnetized 
steel pointer called the ‘needle’. 'Fhis swings 
freely on a central pivot on which it is balanced. 
We do not know' who first u.sed it. It is said that 
the Ghinese Kmpei oi llwang-ti, a])out ii.o., 
had an instrument on his chaiiot for indicating 
the south. It is piobable that tht‘ Arabs leaint 
ol the compass from the* Gliinese, and intro- 
duced it into Kurope. It is mentioned in a 12th- 
century book about instruments, and had been 
in use by Europeans for over tw'o centmics 
before Golumbus's voyages {see Navigation, 
History ob). 

I’he compass needh' points north and south 
because it is at ted on by ism (q.v. 

Vol. Ill) of the earth. 'The (Mrth itself acts very 
much as though it wtTc a magnet with ends at 
the North and South Poles, and any magraM 
which ‘ree to rotate will turn itself until it 
]3oints n. h and soutli, if it is not afli'cled by 
local inaguetic conditions. Actually tlu magnet 
will not point towards the 'frue N*)ith, but to- 
waids a point some distance away, kne^wn as 
the Magnetic North (.scr Navigation, Marini:). 
This introduces an error into the (cjinpass 
reading which is usually desciibed as ‘vTiriatiou', 
and foi which allowance must lx* made in 
navigating. Another error is caused by* the 
effect on the compass of the steel of' the ship, 
aircraft, or motor-car in which it is fitted. This 
IS known as '..v ciation’. It is reduced as«far as 
possible by fitting com})ensating magnets and 
pieces of iroit in the binnacle (the compass 
stand); but allowance for deviation must also 
be made in navigation. 

Once the position of the north has been 
indicated by the compass, a navigator, whether 
on land or sea or in the air, will want to measure 
the angle between the north and whatever 
course he intends to fpUpw. That course — or in 
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Muuum of the l/iUnry oj St-tfiue, Uxjoid 
I7IH-CKNTURY COMPASS 

The face i^maikcd o at N and S. and 90'’ at I and W. 


Tact any direction which is worked out with the 
lielp of a coinpjass — is known as a ‘bearing’. 
Bearings now^adays are expressed in degrees in 
the same way that the width of an angle is 
expressed in degrees in ordinary geometry. 
There ate 360 degrees to a full circle; north is 
o or 360 degrees; cast is c)o degrees; south is 
180 degrees. On the magnetic compasses usually 
carried in ships north and south are marked 0° 
and east and west 90°. The degrees are printed 
or efigraved round the edge of a circular com- 
pass-card. Also on the card are the older mark- 
ings which are traditional with sailors; the'e 
show •N, S, EL, W, tor north, south, cast, 
and west (sometimes the ‘N’ is replaced by a 
decorative pointer); then, in tietween those 
letters come NE, SE, SW, and NW. Between 
these again come further subdivisions, such as 
NNE, ENR, and so on. There arc in all 
thirty-two of these marks, known as ‘points’, on 
the old sea-going compass, so that a ‘point’ of 
the compass, often used in giving directions to 
a helmsman, equals i iij .degrees. Half points 


and quarter points arc also in- , 
dicated on most compass-cards. 

In very small and simple kinds 
of compass, as used by walkers, 
.the compass-card is fixed, and 
the magnetic needle swipgs 
round above it. In all aircraft 
and ship’s compasses, however, 
and on the larger hand-com- 
passes used for walking, the 
compass-card is laid on top of 
the swinging needto and attached 
to it, so that the whole card 
swings round. On larger com- 
passes, in order to increase the 
magnetic effect, several strips of 
magnetized steel are fitted under 
the swinging compass-card, in 
place of the single needle. 

A compass must be sensitive, 
but not affected by such motions 
as the rolling ofa ship, and should 
be quick to settle down after a 
change in direction. In a modern 
ship’s magnetic compass the com- 
pass-card not only rotates on a 
pivot, but its weight is so 
arranged that it nearly floats on 
a quantity of alcohol with which 
the compass bowl is filled. I’his 
Fiquid lessens the weight on the pivot, making 
the qpmpass more sensitive, and also prevents it 
from swinging about too much. 'I'he rasing of a 
compass in a shij) or aeroplane swings 011 gim- 
bals, an arrangement of pivots which enables 
a compass to remain face upward in spite of 
the rocking of ship or aircraft. 

Walkers, mountain-climbers, and soldiers 
olten use a prismatic compass, a hand compass 
with a small sighting device? The user of the 
compass looks through this device^ at some dis- 
tant object, su^h as a church spire or mountain 
I)eak, and he then sees^ reflected in a prismatic 
ifiirror an engraved number on tile edge of the 
compass-card, which tells him the exact bearing 
of the church qr mountain peak. 

The gyroscopic compass (or gyro-compass) 
depends for its action on the rotation of the 
earth. A Gyroscope (q.v. Vol. VIII) is a 
heavy wheel which is made to spin on its own 
axis by means of electric motors; this wheel is 
in a casing which is suspcnc. ed on very delicate 
bearings and which jvi)' <urn in any direction. 




^ Any heavy wherl which is spin- 
ning fa>t in this wav, if it is 
moved round some other axis 
as well, will tiy to turn itself 
•until ifs axis of spin coincides 
_wijh this, other axis In the 
case of the gyro-compass, the 
rotation of the earth turns the 
gyroscope (which is spinning 
last all the time) round slowly 
once a day, along with the rest 
of the ship •!! the gyioscopc 
w heel IS very carefully balanced 
nid mounted, this movement of 
the eai th is sufhc lent to make 
the g^ioseope turn until its axis 
or spindle points north and 
south 

As llu gyio-roinpass indi- 
( ates IriH North, and so needs 
no coriertions loi v iriatiori and 
deviation, ^ inciea^J tig- 

1 \ used in pi i< e of tlie magnetic 
t ornpass iii ships The actual 
gyroscope is installed m i 
special c oiTip n tme c low dow ti 
in tlie ship , It ( ontt a^numhe i 
()l (oinoiss repcateis ^^con^pa^s 
di ds di IN c 11 l)\ eleetiie motor s') 

111 the wh( ( 1 -house horn wIik li tlu shij) is steered 
on the bi idof , and anywhere ( Isc \s lie 1 ( )n< mi\ 
l)c wanted A ship nornialK caiiics it 1 < ist two 
in ignc tie ( ornjiasses, and these aierftmud is 
(ineigiiiiy instruments even thou >ii i gMo 
( ornpass is fitted One is mounts el ri tli< v\he( 1 
liousc lor the he Imsman, and anotlu 1 known is 
the si uid nd compass, is rnouritcd on 1 of tlic 
bird ( IS 1 11 as possible horn auNtlun^ whicli^ 
would c ius( elevialion, and is eis( el foi tikni' 
l)( innus ( N/^vigahon, Marini) and to 
cluck tlu compass in the \n 1 uc 1 noiisc 

Set aKo ( MRONOMI [LR Si M NNf 

.CONGRESS library, U.S.A. J his r he 

olhc'i il hbiai^ of the United States President 
Sen itc , and House of Represen^tatives Its vast 
building rieai the Capitol m Washington con- 
tains more than 8,300,000 books louthei 
with periodicals, maps, manuscripts, films 
music sct)ies, gramophone records, and photo- 
graphs, its total col tions number over 
25,000,000 Items riu library cxch inges books 
with the national Irb^^aiies ol other countries 


1 irge stalls ear r V out use iic h loi the Picsielcnl, 
members of C eingn ss, juelgcs, niilit iiy and 
naval ^ iitmc nts and also for rnc mbc rs cjf the 
jiublie ho are allcANcd to cany out private 
studies ti ( re 

The basis of the hbi n\ w is i c illeetion of 
b 500 books be Ion un ^ to 1 horn is J( Ih ison one 
of the early Piesi U nts uf tlie Unite d Si at( s and 
the man who elrc w up the Decliiition ol 
Independence His books were bouglit b) 
Congrts LO form a national hbi 11 y iflc.! Ihitish 
troc^ps occupying Washingtnn m 181 | Iliad 
burned down the Capitol building in winch 
Congress hclcl its meetings, and m wliuh it had 
kept a small lleetion of books Iri, i8() ^ i 1 ivv 
was passed requirnig anyone publishing -tm\ 
copyright woi 4 c in the United Si iti s to piesent 
a copy of It to the Library of C4ongiess 

Sic also T IDKARll s 

COPYRIGHT IS the exclusive right of njno- 
duemg an original work or composition, or ol 
translating it into another language, or pr inlnig 
extracts from it It apphes to any piece ol 


COPYRIGHT 1 

writing (novel, play, poem, or even a letter), to 
anything drawn (picture, diagram, or map), to 
musical compositions, and to photographs. In 
Cireat Mritain the law about copyri^it is based 
on the theory that the author of a work should 
have first •claim on any money earned by the 
reproduction or sale of his book. But copyright 
does not go on for ever. There is a time limit. 
Under the British Copyright Act of 191 1, which 
is the latest law about it in Britain, copy- 
right in published works normally lasts for 50 
years after the death of the author, or in the case 
of photograpihs, after the making of the nega- 
tive. When the time limit has expired, the v ork 
Is said to be ‘out of copyright’. While his copy- 
right lasts, an author may sell it if he wishes to, 
01 he may retain it while licensing a publisher 
to reproduce his work; and if anyone infringes, 
or ‘pirates’, his copyright, lie may take him to 
l.iw and get damages from him, as well as 
restraining him from publishing the work. 

Each nation has its own copyright laws, 
but most European countries agreed in 1886 
on a common international code known as the 
Berne Convention (revised 1908). The principal 
nations not conforming to the Berne Convention 
are the United States and the Soviet Union. 

Under various C^^o.pyright Acts cei tain national 
libraries are entitled to a free copy of every work 
published in Great Biitain. 

CORACLE, see Primitive Ships; Canoe. 

CORNISH RIVIERA LIMITED. Phis train 
runs between London and Penzance, with 
through coaches for other coastal resorts. It is 
the best known of all express trains on the late 
(jieat Western RaiKvay, now Western Region. 
When first instituted in 1904, it held the world 
record for a non-stop run with its daily journey 
witlnfmt a stop of the miles between Pad- 

dington and Plymouth via Bristol. In 190(1, 
liowever, with the opening of the Westbury 
route, 4 he distance w^as shortened to 225J miles, 
riii'? still remained for many years the longest 
British non-stop iTin, though later feoth L.N.E.R. 
and the L.M.S.R. had longer non-stop runs. 

An interesting feature in the working of the 
‘Cornish Riviera Limited’ in earlier years was 
that it detached at speed three slip portions in 
succession, at Westbury, Taunton, and Exeter, 
before the first stop was reached at Plymouth 
{see Railway Coaches,, Section 7). 
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COUNTING, HISTORY OF. i. It is possible 
to count without having names for numbers. 
Early men conveyed numbers to one another 
by making a dumb show of counting on their 
fingers, and sope primitive tribes still do so 
to-day. The Andamans (cpv. Vol. I), a race of 
Oceanic islanders, only have names for ‘one’ 
and ‘two’. But they can count up to ten by 
tapping their noses with their fingers, starting 
wdth the littlv linger of one hand, going through 
that hand and then starting on the other hand. 
At the first finger-tap they say '’one’; at the 
second ‘two’; and for each tap after that they 
simply say ‘and this’. By watching what linger 
the process stops at, the person who is receiving 
the information knows what number is meant. 

Among peoples who have reached a more 
advanced stage the numbers have names, but 
the names arc deiivcd diiectly from fingei 
counting. l*'or ‘six’ a Zulu says ‘taking tin* 
thumb’ — meaning that you are to imagine h<* 
has counted all the fingers ol'onc hand and has 
started on the thumb of the other. For ‘seven’ 
he says ‘lie pointed’, meaning that he has 
reached t^ic index finger, which is used in 
pointing. 

Names releiring to fingers have disapjieared 
from our present number system. But w^c still 
have one important legacy from early finger 
counting. We count in the scale often, so that, 
for instance, 67 means 6 limes Un added to 7. 
The number ‘ten’ is no better than any other 
for this purpose, but primitive ])eoplc, even in 
our owai time, think of numbers in terms of 
lingers, and group them in terms of the ten 
fingers that human beings happen to possess. 

As men began to move from trilial barbarism 
1^0 the first civilizations, some 5,000 to (),ooo 
years ago, they found a growing need to write 
numbers in order to keep cecoids. Written 
numbers were needed by merchants for theii 
trading accounts, by kings for regulating taxa- 
tion, by priests for kcejiing track of temple 
pfoperty; and the growth of sciences .such ii'> 
asti'onomy demanded a good system for keeping 
records of nuiitbcrs over long periods. 'I’he 
wTiting of numbers seems to have come before 
the writing of words — which would be ex- 
pected, because numbers are more difficult to 
remember than names. 

The earliest way of writing numbers was by 
repeated strokes: / for i, // ;jr 2, /// for 3, &c. 
Such a system grows ,^iLVy cumbersome for 






' numbers above lo or 20, and so the peoples of 
the earliest civili/atioiis adopted new signs for 
10 and 100 and other large numbers. An 
'-xampie iS the aiu i(‘rit Kg^'ptiaii system shown 
n Fig. I. There, the number 1,^42 is written by 
^i^ting Ike sign for 1,000 once, then the sign 
hr 10b three linu'S, then the sign for 10 four 
Limes, and that for unity hviee. 'I’his was j 
gieat advance over writing 1,342 strokes. 

I A .(? I ) 

1 I'J 1(10 10,. DU iMO^toO 

^CCCAAAA 1;? 

1 !(.. I . I (jYPI IAN M MRI KS 

2. Placl Notaiion. In the valleys ol Meso- 
j)otainia, v\Jiere the Scmkrians and later ihe 
B MiYLONi VNS (fjcjA'. \^) 1 . I) develo]>ed the othei 
gieat rally civili/alion, a siinilai system was 
used at h»'st. But soon a more jiowei liil one was 
developed [see f'ig. 2). Like the Ivgyptians, tin* 
people ol Bid)ylon usc'd separate signs for ‘one’ 
and ‘teiT, and made tisi* ol lepi'lition to e\])ress 
numbers like 42 (four signs for ‘tei?’ and two 
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lartb-en' to the left comes the sign for ‘one’ again; 
but as it is to tlie left of the oilier signs it means 
()o, so that the whole number is Go added to 
12 making 72. A system using the se.ile of sixty 
in this way is called a sexagesimal system. 

3. Ixvi'.NTioN oj- ZhKo. Foi* a long time this 
system was marred by the fart that lh(' B.ib^- 
loinans had no sign for zero. It was aN if wc 
ilid not have the lignn* o, and so (ould not be 
sure whether 2 3 w^as n^ally 23, or 203, 01 
2,003. 'The invention of a sign for zeio is olten 
r(‘gard(‘d as the gieatest single step in inathe- 
maiieal historw 'The Babylonians invented i( 
s(une lime alter 1000 n.c. I'ig. 2 sluiws Ikav it 
w.is used. I'lie se|).nate gioups there would 
ni(‘an 21, o, and 23 lesprt liv ely. In view' of the 
positional notaliijii, the wlioh* lunnbc'r m(\un 
2 \ limrs 1)0 times ()o, added to nought times ()o, 
added lo 23. That makes 75,()J3. 

rx.'d'y’...t K'...p' O'* 

\ \ u) :i) 100 zoo 

Lv UMplt pO'^' 17i 
lie. 3. (;kjj k Ni MUi u.s 
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signs for ‘one’). 'Fliis method v\a.s used loi 
numbers up to 59, but aftei that they usid 4 
system very like our ow'ii. We use the sainc 
sign ‘2' for t\v'o,#twenty, two hundred, and so 
on, distinguishing th(*se from one another only 
by the position of the figure ‘2’«in the number. 
In 23, the ‘2’ means twenty, in 2(14 it means two 
ndred, and so on. *This is called phae 
notatiotj or a positional notation. The Baby- 
mians also had a ])lacc notation, but they used 
a scale of sixty instead of our scale of ten. Thus, 
lo indicate ^sixty’ they wrote the same sign as 
for ‘one’, and u.sed its position to make clear 
that ‘si:Ay’ was mea’it. The picture shows how' 
72 was written. On the right is the sign for ‘one 
written twice to irifcicatc 2 ; next to it conies the 
sign for ‘ten*, so tl^l^ese two make 12. I hen 


'1 lu* Babylonians also Icaimd to use their 
s( \ag(‘sinial sysUan for frac'lions on the saiiK* 
lines as our dec'imal fi actions. A w,iU'ied-down 
version of these IVai lions, having lew ol their 
a'!, ilagrs and most of their disadViintages, has 
con down to us through the (Jreeks as the 
liiiniues and seconds wdiich wc use to divide 
li mrs of time and degrees of' angle [see Navi(;a- 

TION, lll.STOKY of). 

T he (iieeks, despite their wonderful cultuii- 
which gave much to the world, took a backvvaid 
step in arithmetic. At an early stage they had 
a .sy.siem rather like that of the Egyptians. But 
later, under the influence of the Phocni lians, 
they changed to tlie infeiior system wh.zh is 
illustrale(^ in Fig. 3. They used ninp./lifl -rent 
iettcis Ol Liie alphabet for the numbers i \b 9; 
nine further different letters for 10 to 90, and so 
on. Such a sv^tem allows one to write numbers 
very neatly, but it makes calculation very difli- 
cull. In practice calculation always required the 
aid of an abacus, an instrument of beads strung 
on wire [see CouN'riNO Instruments). This back- 
ward step seems to have been connected with 
the rise of slavery on a large scale. The earlier 
civilizations had used slaves, but usually only 
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as domestic servants, whereas the Greeks .used 
them on a large scale for all types of industry 
and commerce. Arithmetic came to be regarded 
as a task fit only for slaves and unworthy of 
gentlemen. For that reason the Greeks did not 
seek to dewse a workable system of counting. 

The Romans took another step backward. 
Their system is based, though in a diflerent way, 

I V X L C D M 

1 5 10 ^0 ino bOU 1000 


which would be easier still. The Babylonians, 
we know, used a scale of ‘sixty*. Modern 
electronic calculating machines {see Counting 
Instruments) use a scale of ‘two*. The figures 
loi in a scale of ‘two’ would have the following 
meaning in our scale of 'ten*: 

times 2 times 2-^4 
o times 2 - o 

I — I 

Value in scale of ‘ten’ - ^ 


Exurnpli; MMCMLIX ^ 2959 

IK. ROMAN NUMHI, US 

A Irsser hguir Ixforr a greater is substrarted from it. 
(’M — 900, IX — 9 


on the letters of their alphabet (see Fig. 4). ‘M’ 
stands for the Latin word mille (‘thousand’), and 
‘C’ for centum (‘hundred’). If one tries to 
multiply on paper the number MMCMLIX by 
MDCCCXLVI (2,959 X 1,^46) one will find how 
useless the Roman system was for calculation. 
A Roman had to cairy out the act of multiplica- 
tion by repeated additions. Yet the system was 
u.sed in Europe throughout the Middle Ages, 
and in some ca.scs till very near modern times. 

4* Scale of Ten. Our own system is like the 
Babylonian in that it uses zero, and is based on 
the written position of figures in their relation 
to one another. We happen to use the number 
‘ten’ as the number indicated by zero, and there- 
fore as the number which causes charige.s of 
position. Thus our system is a decimal system 
(from the Latin decimuSy meaning ‘tenth’). The 
scale of ten, as alr eady stated, is no better than 
another. There is no special mathematical reason 
for the quantity ‘ten’ being chosen. It is true 
that ten can be divided by two and by five, 
which makes mental calculation ea.sy. But 
twelv" could be divided by two, three, and four, 
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no. 5 . Tllfc HLVF.I.OPMENT OF ARABIC NUMBERS 
Figs. 1-5 from Taton’s llislotre du Calcul 


The way in which our own system originated 
has not yet been made clear by liisloiical 
research. It probably began in India, in or 
before the 5th century A.n., and it may have 
been indirectly influenced by the Babylonian 
system which,, like ours, used positional notation 
and zero. The Hindu system spread in the 8th 
century to the Arabs, who were then the lead- 
ing commercial people, and from the Arabs it 
spread slowly to Europe; fiir this reason our 
written and printed figures are known as Arabic 
numerals. By the 1 5th century the new nurtibers 
were fairly^ generally used in Europe, although 
some government departments, universities, 
monasteries, and other institutions with settled 
traditions used the Roman numerals till the 
1 8th century. They arc still sometimes used for 
ceremonial purposes, as on monuments. 

Arabic figures passed through many stages 
before acc|uiring their present shape (I'ig. 5). 
Their use of zero made it possible later for 
decimal 1 Vac lions to be invented by Simon 
Stevin, a Dutch mathematician, scientist, and 
engineer, in 1585. Before that time many 
systems of fractions liad been used, for example, 
‘.common’ fractions (like 257) and the sexagesimal 
fractions of the Babylonians. 

The system of decimal fractions 'works on the 
assumption that the figure for unity (‘i’) can be 
divided into te*i parts; the number of parts 
desired is then written to the right of the position 
of- unity, with a dot between the t*wo. Thus 1 
equals one; i-i equals one and one-tenth, 
1-2 equals one and two-tenths, 1-3 equals one 
and three-tenths, and so on. This process can 
be continued indefinitely, with each position 
indicating tenths of the number on its left. Thus 
if i*i equafij one and one-tenth, i-ii equals not 
only one and one-tenth but also a further tenth 
of one- tenth (the last figure, course, equalling 
a hundredth) . Decimal fra/i^ions are increasingly 



used to classify iccords such as books in libiaiics 
{see C^iAioouiNG and Indexing) 

See also Mathi MATK AL Notahon Mlaslri minis 
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COUNTING instruments . Befol c model n 
methods came into use, almost all calculation 
had to be done b) moving solid objt els about b> 
liaiid on a table or on the flooi Paitial excep- 
tion must be made in the case of the Bat )- 
loni ms, \\ho made some \\iitt(n calculations 
with the helpof tables of multiplicatior], division, 
md ‘cjuaics I lom very ancient limes calculi 
lions were done on \aiious lor ms of the abacus 
^1 ii; i) An acl\ meed t>p( of abacus is the one 
still used to-d u for teaching aiithmetie to vci^ 
\ounuj clnlditn It consists of sets of ten beads 
1 unnni^ on t ac h of several par allc^l v\ ii es Be ids 
on the fust \Mic indicate units, those on the 
second vviie indie ite lens, and so on ( ountiU;^ 
IS done b> movinq the beads from one end ot 
i wiie tf» ' )thei ar I then count 1111^ the 
numbei of beads that have been moved on the 
\ 11 ions wiles Simiilei foims of abacus consis*^ 
()1 boaids milked out into squiies^ and little 
disks winch aie i io\id liom scpixie to sejuau 
Ilus( disks t^avc ijst to the woid ‘counieis 
which we still use foi smnl ir disks cmjilo^ed in 
i^aiius such as di leu^l ts 1 lie bond w is c illed 
i (hccpRi bond 01 ail cxehcqiiei , from its 
use 111 till f) ist for eouriting tlie kings mont\ 

1 he title Ch uieelloi of the I xclicquci is still 
1 V ( n to the Bi ilisli I in inec Miiiistc 1 

'\ilh tin con i of Ai il)i( luii ilieis u 



Director of the Science Museum I ondon 
FIG I CHetsL ABACUS 


Tach beacJ in the left sicnon rrprrscrits one unit each 
h< id m the nplu hi reptesents live units To count 
th( brads ire dr wn t ^^ards the centre bar The numb< rs 
here (reading downwaru-'' arc o, o, 7, 2, 3, o, i, fl, 9 
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CcjlmIINg Hisiory of, Section 4), ( 

wfatten methods became practicable, 
but as few people could read and write | 

the abacus lernained the main me ms oL I 

e ilcul ition in business until well inl< t , 
tilt 16th eentury It is still the nc)ii»i il , 
method in China and in the h inds of i 
good c aleulatoi it is cjuiekcr than paper 
e lie Illation, though it his the serious 
dis id\ ant i^c th it no itcord ol the stc j)s 
taken is left behind foi checking I 

In the lythrentui) there was i press I 

mg need lor improved me thoclsol count 
mg Commerce w is growing govern 
nient finance became moie involved , 

and such seuneis as astionomy m idc I 

big demands on arithmetic Lffoits 
weie tluiefoie made to siinplif) count- 
ing Ihen c ime i great moment m the 
history ot mitlicmalics and ajiphcel 
scuiict the discovery ofloguithms is ^ 
i meins c>l e isy reckoning John 
Napier i sc hoi n 1 > Scottish 1 mdow nc 1 , 
published m if 14 a table of fig me'' 4 

which he hid worked out to ivoid the 
ordin ity opciations ol mulliplic Uion 
ind division wine h h id slowed dow n til 
scientific ealeul ition Sljoith iltc i 
wards Iholessor IhniN Bii ^s i ^otk 
shire m m whoh id stuelu d uC mibiuht 
Univcisit), devised i w i) o( iclilin 
\ ipic method to tin dci im il s'^sti ni 
1 Iw- ck inal loguithni ol Biiggs form 
tin svsttm now 111 us( ] j 

A gc nc 1 il id( i ol If) uithms c 111 br 11 
f lined n )m 1 ig 2 Sujipose we wish lo 
multiply ) 1)) j Gn the sc ileslniwu we nu » me 
oil with api( ce ol slung 01 a strip ol blank [) ipc r, 
the distance from i to and agmi tin elist mee 
from i to 4 We add the sc two distances tog< the t 
and then measure liom i the distincc ^o ol) 
timed Ihe point ic lehtd will be i-, Wid in 
fact diat is die product of ] rnulu \(,cld)\ \ 
It is easy to verify that this proce v\oik'jWith 
any ether figures Hie distances in the 'scale 
shown have ■been arranged in such a w ly th it 
multiplying two numbers can be i«j)liced by 
merely adding the corresponding dutanees 
This principle is the basis of most slide-iule 
calculation 

Logaiilhms do not involve an actuil scale 
of this kind, although they are based on the 
same clever lelaiioi^slnp between quantities In 
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logarithms the scale ol’ distances is replace ! by 
a table of numbers; for every number the table 
gives another number. Long lists of logarithmic 
values arc issued in printed books; il'one wishes 
to multiply two large numbers, one looks up 
their appr.tpriate logarithms in the book and 
*adds them together. In the same way, division 
can ])e achieved by merely subtracting one 
number from another. 

Later in the 17th century attempts were 
made to build calculating machines based on 
the principle of the abacus, lllaise Pascal, the 
French matlicmatician and philosopher, made 
an adding and subtracting machine in 16 2, 
when he was 19 years old. Leibnitz, the German 
phil(3Sopher and mathematical writer, made a 
machine in 1694 for multiplying and dividing. 
These and many other machines would work 
when treated with great care, but broke down 
in everyday use. It was not until the Industrial 
Revolution had provided better standards of 
engineering that a useful calculating machine 
could be made. The first was that rif the French- 
man, 'Fhomas de Colmar, in 1820. Since that 
date there has been steady development up to 
the calculating machines of to-day, which are 
used in banks, offices, factories, and scientific 
lab(3ra tones. I'hcse machines carry out the 
elementary processes of arithmetic; that is, they 
add two given numbers, or multiply, or sub- 
tract, or divide them. But they have to be given 
separate instructions for each operation. They 
can do this so fast that large numbers of calcula- 
tions can be made in a short time by an expert 
operator. But for every calculation that is done, 
the human operator must choo.se all the figures 
each time; so that although the actual time of 
doing the calculation is saved by the machine, 
there is no saving of the time spent by the 
human operator in thinking about the figures, 
in dei'iding what to make the machine do and 
what to do with the result. In complex calcula- 
tions^ p'- / 'ing hundreds of thousands of stages 
\suc]f wt^rking out the exact shape that an 
aeroplane wing shall be built, in a factory) the 
time taken in calculating is still vc^'y great. 

In calculations which involve the laborious 
repetition of a simple scries of actions, such as 
computing the income-tax to be deducted from 
the wages of 5,000 factory workers every week, 
automatic machines work with great speed. The 
personal record of each worker is fed to a 
machine in the form of ^ card pierced with 
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small holes, the position of each hole having 
a definite meaning concerning his hours of work 
and rates of pav (see Ack-oun'iinc,, TvIaciiine, 
Vol. VII). 

Efforts have been made for over 100 years 
to devise machinery which can carry out auto- 
matically very long and complex calculations, 
with no human assistance except for supplying 
certain numbers to the machine to start with. 
In 1833 Frofessor Charles Babbage of Cam- 
bridge had the idea of a maehinc which could 
do this work. His designs could lu)! he success- 
fully completed because they were beyond the 
power of engineers of* his day. Every calculation 
would have meant huge miinhers of iiicwable 
parts of inaeliincry being set in motion, and the 
practical difficulties were loo great, 

'lo-day, aft^r years of reseaich arising mainb 
from the needs of wireless, machines aie begin- 
ning to do wdiat Babbage wanted. By using (*lec- 
trons (see Valves, Raoio, Vol. \’J1I) inst(*acl 
of moving })arts, and eonlH^lling the elections 
by wireless valves, cathode-ra> tubes, and simi- 
lar devices, engineers have ovcicfmie the diHi- 
culties. Machines can now carry out additions, 
subtractions, multiplications, and divisions on 
lo-figure numbers at the rate of about 15,000 
operations a minute. Faster macliines have been 
experimentally designed. With iheii help it will 
be possible to sol\e many sciiaililic j3?'o})lems 
which used to be impossible because the calcula- 
tions would have taken a lifetime. 

COUPLINGS, RAILWAY. The most piimi- 
tive form of coupling Ijctvvct'ii laihvay veliicles 
is the three-link coupling still fitted to almost 
the whole of British wagon stoc k fFig. i a), 'lliis 
has no means of adjustment ; wagons must be 
coupled and uncoupled when the buffers are 
touching; and it is only possible to start a heavy 
freight train by tautening the couplings one by 
one from tlie engine liaekwards, .so bringing the 
i load on to the engine gradually. 'Fhis accounts 
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for the characteristic noise when British freii^ht 
trains stop and start — the huilcrs hitting together 
one by one as the couplings slacken and the 
, wagons bunch up towards the engine, when the 
train is stopping, and the couplings pulling out 
arfd straightening as the train starts. 

With most passenger trains in (beat Britain 
and in other countries (North America ex- 
cepted) the method of coupling is by two link*'' 
joined by a screw (k’ig. i ^). 1 risciewing loosens 
the coupling^ so that it can be diopped ov(‘r 
the coui)ling hook, and the coii])lin*g is then 
tightened by the screw until it is taut, with 
the bufl’crs just touchi?ig. 'i'he smooth riding ol‘ 
screw-coupled vehicles depends a good deal rai 
the nicety with wliidi this adjustment is made, 
neither too tight nor too loose. 

Alain-line corridoi stock on * the E.tslern, 
North-Eastei n, and Southern Regions is fitted 
with the d)uc‘k-e> type of automatic coupler, 
which is standard on all passenger and freight 
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( 1 . up Kiiiic kies I ) s1k»\mi ojicn. As th( ♦ 

lic.uls ( ornc toedlK i tli( j).ii t (jj is jiuslusl in, < losini; 
ihc klllK klrs. 

h ( ]i)u|)lc(l. 'I lir Icickrel knui klc luav l)r rrli'.ascil I)N .i 
l(■\( r ('p. J lir kniuklr prutiudes at tn ' sicl«‘ wlirn 
l(K kc(l 

\ehicles in the llnit(*d St. lies and CJanada iKig. 

Koi this type of coupler, the coaches arc huiri 
with l)()W’ ends, so that the length of t lie actual 
coupl(‘rs may he Shortened. 'I'lic latter resemble 
a pair of st^'el hands, whah ( hasp one another 
automatically as the veliicles "are ymshed to- 
geth(‘r. 'I'his is the strgngcst and most satistac- 
tory, inelhocf of coupling in existence; in ( at 
it riiakt^ a train a jointed steel frame from end 
to end, improves the smooth n«Ks and steadiness 
wath w'hich .the roaches ride, and alloids pio- 
teclion against the dreaded ‘telescoping' (^one 
coach overriding the iic^xt) in the evaait of a 
collision or derailriKait 

CREW, (Air) jfc ^\iKi.Ri'\v ; (Suin' uc Sinn’s 
Company. 


7 CUNEIFORM WRITING 

GIJNEIFORM WRITING. The word ‘cunei- 
form’, from Latin curieus (wedge) and forma 
(form or shape), is given to the characters used 
by the ancient Sumerians, Babyi.onians, As- 
syrians (qcj.v. Vul. 1), and other ancient peoples. 
'1'iu‘se characters were formed of rombinatioin> 
of strokes having the shape of a w edge or cone. 

Cuneiform writing w^as probably the earliest 
known system of Writinc; (q.v.). It originated 
neaily (),oo() years ago, and was piobably 
invented by the Sumerians, who li\ed in 
Mesopotamia for many centuries. At hrsl, the 
cuneiform characters w^erc purely pictorial the 
picture-syrnhols were used to repres('ut objee is 
or abstract ideas related in meaning to these 
objects; for instance, the SNiiihol ‘sun’ also 
letircscnled the word ‘d.iy’. At a second stage, 
th(‘ pict tin's licgan to be’ siin]>liiied, and nxluced 
to siinjile lines: eiiived lines began to disap])eai 
and to be replaced by stiaighl lines set at angle's 
to one another. The Sumerians li\(‘d in a 
country abounding in clay, which they used as 
A wailing rnateiial. I’hey soon I’ound lh.it it w’as 
possible to make the shape of a ( harac ter in the 
wet clay much more (|uickly and better b\ 
stamj)ing it th.ui by scratching it. But turves, 
elides, and line etr long lines t oulel not be 
stamp(*d or impressed satisltietoi ily, so all ihe'st' 
lines were sulislitule^d by short and straight 
slrokt's (which e.ould be' vcrtieal or horizontal 
or obruiue') and by angle's. 'J’hese stiokes and 
angles #*ic stampeel in, line by lint', with an 
instrum t which the Romans later calh'd a 
stilus, d’his was a small, straight piece of reed, 
hone, met.'il, or hard w'ood, breiad at eine end 
and poiiit('d at the e)ther, and used fe)r seratching 
letters e>i signs {see WkiriNo Insi rumpnts). lii 
cuncifeiriii writing the inslrume.nt was simply 
l.iid down sideways on the clay, and pressed 
into it. Thus the mark made in the dav w'as 
wedge'-shaped. 

Cuneiform writing was used by the St niitic 
pcojjlcs of Mesopotamia (Babyh- and 
.Assyrians) trom about qooo B.c. alnu)st te) the 
heginning of the Christian era. About i ^eioB.c. 
it bex ame the scrijil of the civilized peoples of 
tht' wdiole Near fiast. It was adopted by the 
Hi i iiTES ((j.v. Vol. I) of Asia Minor, by the 
ancient Elamites living to the east of the lower 
Tigris, by the ancient Armenians, and by various 
other peoples, including the ancient Persians 
(q.v. V^ol. J). 

For hundreds of ye. us the secret of reading 
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Thr 1 iiior IS woi sliippiTi^, the Sun god in llir rit> ofSippi 
I Ik inscnjJliori iccc ids iht rrstoiation ol ilic trniplt* 

ninnfoirTj uiitmcr \v«is lust In modern times 
s( liol ns of inin\ ( ountru s cai ik d out s( lent he 
studi s loT \Laisi){ioic in the middle of the iqth 
rtnUin it Ikc iuk fiossihh an un to k id it, and 
in I oust cjuf IK e to le ii ii about the i^i c at ci\ ili/a 
tions ol the N( ai F ist 

Set ij S( 1 1 1 I f ( I ^ I iirrs 

set C^NOE 

f * • 

CUSTOM'S, vrr \ ^ \ Cl roMs ^^ND Ex( isr 

CUTTY SARK. Ihis larriou^ clijijier ship, std' 
\lloat in the 1 hann s m lOf^o, was built at 
Diimbailon in i8h() for C’aptain John Willis 
She was one of tlu last of the chpjieis spccialK 
built for the tea trade with ( hina and proved 
a very faM and powerful ship Her length was 
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2125 extreme beam 36 feet, and 

her gross tonnage 963 She was famous for her 
sharp wedge-shaped bow sections, and was com- 
posite built, that IS, built with wood planking 
laid over iron frames Ship-ngged, with double 
topsails and crossing a mam skysail yard, she 
also bent a sail to the cross-jack yard and carried 
studding sails on the foiemast Indeed, the 
Cutty Sark oriqrmally carried a very large spread 
of canvas, and m hei day it was ( onsidered that 
no ocean-going vessel, steam or sail, mti chant 
ship or man-of-war, could keep abicast of her 
in a good, strong, steady bree/e of wind al)cam. 
She is logged as averaging ic-, knots lot long 
penods and as sometimes touching 17 or even 
I7i knots 

The Cutty Sark\ unusual name is taken fi om 
the witch in Bui ns’s poem, 1 am o' Shankr, and 
her figurehead represents a witch we iiing i 
short skirt Her best-remembered rival was 
the famous Abcidccn clipper Thermopylae TJie 
great lea R icc of 1870 w is won by the 1 hermo- 
pylae against the ( uity Sark but the latte r would 
:)robably h i\t won if she h id not earned away 
ncr rudder 

The opening of the Suez Canal in 1870 
heralded the end ol the fimous cIins of the 
racing C’hina tea chjipirs Ihc ( ulty Sark 
stiyed in the tiadc until 1880, when he 1 tall 
‘‘pafs were slioitciKcl and she was s iih d to 
Australia and raced home with wool through 
stormilr seas and heavier weather As a wool 
clipper the Cutty Sark continued to rn ike rec ord 
voyages In 1895 Portuguese, 

converted into a barquentme, and her name 
was changed In 1922 she turned u]7 in the 
Surre y Coinrnc rcial Docks, and was gre eted w ith 
great enthusiasm Shortly aftcrv\aids sire was 
bought back into Faighsh owm rship and refitted 
as a dipper ship although she has never sided 
again It is hoyed that it may preve possible 
to preserve her afloat for some years to come, 
for the Cutty Sark, with her riiemouts of ocean 
racing with cargoes of tc a and wool, r the ^!cj\c 
remfiining ship from a notable er.i in the history^ 
of the British Me! chant Navy 

Scp C I IPPFR Ship 

S<f also Vol \ 11 Tpa Tradf 

CZECH LANGUAGE, secf Si wonic Lan- 

GUAors 
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DAM, see Rivr R X \\ ir.A'i ion. 

See alsc) \’()1 \’III 1)\MS. 

DANISH LANGUAGE, \ee Standinaxixn 
Languaols. 

DEAF LANGUAGES. D^-af pro])lt" use various 
m(‘ans ol'coi.i mnlralioii, (lr[)ciKlinL^ j)ai lly on 
th(‘ii kind of deafness. Some are deal at Inith, 
and have never he<ncl j^'ople speak. Many 
ollitas lose their heaiiin; hv illness or accident 
when veiy ^’oiinu;, '’iid if this oc c urs* before the 
age of .il)out i8 n^is or 2 years, they gK .v 
up without any recollection of having heard 
people* sjK-ak, and so they do not know wh.it 
speech is like. They are oltc*n dc'seribed .as ‘born 
deaf', and all hough this teiin is not aceinately 
a]')])lic‘d to them, they arc* in just the same posi- 
tion as y)ec)j)le wlio have been born dcaif 
who lose their hearing, eithei wlicdly or in part, 
after tliey have le.irnt to speak have the advan- 
tage* of remembering what speaking sounds like. 
There are alsc^ j)ec)plc* who are both deal and 
blind, and who use their own very s[)ecial nicMus 
of eomnninic-.ition, which are desciibetl below. 

dliere arc sojnc ^ 5 'j,c)C )0 pc*ople in Biitain 
known as ‘bcjrn deaf' (including those who be- 
came deaf ki infancy) who have been educated 
in special schools. There they are given a means 
of communi/'ation auckcan be trained lc» sneak 
by tc)llo\ving the lij)-movenients of their tcai -r. 
Sometimes communication is achieved by means 
of the hand alphabet, knowiT as the manual 
.alphaljet {sh Fig. i). In this the five lingers 
represent the five vowels, a, e, i, o, u. while* 
some olithc visual signs, »uch as those for p, s, c|, 
and r, are based on i * sh.ape ol the written 
letters. Commur'ication by this alphabet is 
supplemented and>peeded up by sign language, 
which was developed in Mybf) by the Abbe de 
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rf>»f*e, a French priest, fiom the natural signs 
used by uneducated deaf people, into a sys- 
tematic anc4 conventional language. Most of the 
ideas in this language arc communicated by 
signs which have in each case growm up 
from an instinctive gesture to indicate some 
particular object or emotion. When experts use 
the combined systems of the manual aljihabet 
and sign language, they almost rc.ach the speed 
of speech. Indeed, at many public gatherings 
whcie the born-deaf cannot easily follow^ the 
speaker by lip-reading (that is, w’atching the 
movements of the mouth), a healing person who 
can use this method of communication wall inter- 
pret the speaker's words into manual alphabet 
and sign language for the deaf people present. 

Teachers of the deaf now, however, try to give 
to the born-deaf the ability to understand the 
spoken word by sight alone, anci to teach them 
lo spe.ik. 'I’hey do this by yilacing the children’s 
hands on their own chests, throats, lips, and 
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noses, so that the vibration or liissirig brcaib^or 
other characteristic of each sound can be felt. 
The born-deaf then communicate either by this 
speaking and lip-reading or, perhaps more fre- 
quently, by skilfully combining the manual 
^.alphabet cthd signs. Signs are used for hundreds 
* of common words and phrases, but unusual 
words and proper names are spelt letter by 
letter. The partially deaf or hard-of-hearmg, 
who can communicate by ordinary speech and 
language like hearing people, and who can be 
helped by amplifying instruments, nearly all 
alsp use lip-reading in some degree. 

Lip-reading is seeing speech by watching the 
shape and movement of the speaker’s mouth, 
instead of listening to the sounds those move- 
ments produce. It is a difllcult art to acquire 
completely, for not all speakers make clear cor- 
rect mouth movements, and many people 
mumble. There are some forty sounds in 
English speech, each produced by a difl'crcnt 
]K)sitlon of the lips, teeth, and tongue {see Voiof, 
Section 2). Words are built up of two or mon' 
sounds. Each vowel sound is produced by the 
passage of the voice through the mouth, which 
is made the right shape by the position of th(‘ 
tongue and lips; the lips arc always open. In 
the vowel ‘ar’ (as im ‘far’), the tongue lies in a 
Hat position in the mouth while the teeth are 
h(dd apart, the breath escaping unimpeded. 
In ‘ee’ (as in ‘tea’) the tongue is pushed for- 
ward, and the corners of the lif)S are drawn 
back. C^insonanls, of course, pioduce a grcatei 
variety of mouth movements than the vowels. 
‘P’ starts with the lips closed, blocking the 
breath, which bursts out as the li])s open sud- 
denly. A combination of the different positions 
*nid movements of the tongue, lips, and teeth 
forms a kind ol' picture of ihc sound uttered. 

Although lip-reading is used by both the 
bornldeaf and people who become deaf later in 
life, me tw^o do rujt learn in (he same way. The 
deaf4n.''d*' Jearn by recognizing the sight ol 
sj)ol|en*wor 5 s which they can remember hearing 
before they became deaf. The born-deaf start 
to learn without that advantage, ft is impcjrtant 
to remc nibcr that not every w'c»rd can be lip- 
read, and the successful lip-readf ’ lias to watch 
and make use of the speaker’s facial e>pre.ssiori, 
gestures, and so on. Lip-reading, how^ever 
skilful, cannot take (he place of normal hearing. 

The deaf-blind use their own alphabet, based 
on the manual alphabet us^d by the seeing deaf. 


with certain important changes. When the 
seeing deaf use their manual alphabet, the 
‘speaker’ uses both hands, and the ‘speech’ is 
read by the eyes of the ‘listener’. With the deaf- 
blind, w ho must read by feeling, the right hand 
only of the ‘speaker’ is used, while thedeff hahd 
only of the ‘listener’ is used as the receiving 
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Ihc ‘speaker iruli( ates the lettei«> witli his hand on 

the left hand of tlie ‘fn-arei’ 


medium. When the deaf-blind person becomes 
very skilled, he may possibly use either hand to 
‘receive’. When we speak of the deaf-blind, wc 
may be speaking of a bjind person w'ho has 
become deaf or of a deaf person vvdio has become 
blind. In the former case he may use Brah.! i, 
^'cj.v.) for reading, and certain of the letter coii- 
ti actions evolved for Braille can be used t(^ give 
his deaf-blind communication speed arid fluency, 
rig. 2 gives some illustrations of certain letters 
ol tho deaf-blind alphabet wdiich can easily be 
identified with the illustrations of the sighted 
deaf alphabet. I’liis method of cominunication 
is the only link which the deaf-blind have with 
other people. 

I’herr is a remarkable young man in England, 
Called Joseph Hatton, who became totally deal 
and blind when he was 4. He was taught lip- 
reading by touch, and somcnovv the idea ol 
language w'as conveyed to him, although he 
could neither fiear the words spoken by his 
teacher nor see the objeqjts she ird'erred to. Now 
he can follow what people say to him in four 
ways: 

(i) By the nianual alphabet as commonly 
u.sed bv the deaf-blind; (2) by the deaf alphabet 
used for sighted deaf people; Hatton reads this 
by holding the speaker’s wrists, one in each 
hand, and feeling the muscles move; (3) in 
normal speech, which he follows by placing his 
tliumb on the speaker’s lips.* and his forefinger 
on his throat; (4) agam in normal speech, w'hich 



•he can also read by placing his thumb and finger 
on the speaker’s throat alone. 

Miss Helen Keller, the famous American 
deaf-blind woman, is the only other person who 
has mastered the third method. The fourth 
mcrtiod, which Joseph Hatton alone uses, is 
much tbe most difficult, as the vibiaiions of the 
throat arc th6 only guide; but he can use it as 
easily as any of the others. 

See also Vol. X: Splcial Schoocs. 

See also Vol. XI : Deafness. 

DERELICTS. A derelict is a ship which, 
aljandoned by her crew through some thieatened 
disaster, continues to drift about the oceans, 
silent, unlit at night, and a deadly menace to 
all other vessels. Some derelicts are still afloat 
ill the seaways, although radio and modern 
salvage tugs with a long range do not allow 
mail) ships to-day to become derelicts; most of 
them are old wooden vessels laden with timber, 
or some othei huo)ant caig.i w'hich makes them 
practic ally unsinkable. 

It is the duty ol' any shi[) sighting a derelict 
to issue a warning to other vesseW. If tlie 
abandoned ship has ^ny value as Salvacje 
(q.v.) it should be taken in tow. It, however, it 
is a waterhigged hulk, as it usu ill) is, afloat near 
busy trade routt‘s, a waishi]) may be sent to sink 
it bv gunfire or blow it up. 

T he most famous of all derelicts wa*" the 
Marv Crif'stn, She was a small sailing-vc ^ * 
which lell New ^"ork in ifi7J bound for (ienoa, 
w ith a cargo of oils and spiiits. Some time later 
she w'as discovered, conqiletely ci'^seited, off 
'(h’braltar, and wtis taken to a Spanidi port. Her 
sails were found set ami everything on fioard 
ap])cared to be in perfect order. 'L’lic cargo w'as* 
intact, and the ship had suffered no damage; 
but a half-eaten rftcal on the table in the cabin 
indicated th^t she had b en abandoned in a 
hurry. Many theories have be^ put foiward 
to account for the disap^earaiu e of all the* ciew, 
but ihe iiiystVry will probably always rein a 
one of the unsolved puzzles of the sea. 

'In i88i the American Elletim Austin encoun- 
tered a derelict schooner whose name has not 
been recorded. The boarding party found all 
in order, but her crew were missing. A skeleton 
crew were put on board ‘nd for some days the 
ships kept company. During a gtde they became 
separated, and whet^the Ellen Austin found the 
schooner again she was ongc more deserted. A 
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secojk/ crew were put on board. Neither these 
nor the ship were ever seen again. 

Sec also Wrecks and Wreckfus. 

DESERT TRAVEL. There are vast tracts of 
Desert (q.v. Vol.. Ill), generally in the interioi 
of great land masses such as Africa and Asia, 
the crossing of which has always presented 
spq^'ial problems. Tlie great stretches of desert 
across Asia and North Africa, from Morocco to 
the Gobi Desert of China, have lieen crossed by 
traders, explorers, and conquering armies foi 
many hundreds of years. VVdiether the desert 
be high, cold, and rocky as in central Asia, a 
mountainous terrain as in the central Sahara 
or south Arabia, an expanse of sand dunes as in 
North Africa, or open steppe thinly carpeted 
with grass in spring, the general characteristics 
of travel are not very different, and have not 
ehanged greatly since the Israelites b('gan to 
cross the desert to the Promisc-d l^arul about 
1700 B.c. Since the regions travelled over aie 
at the best thinly populated and there is little 
cultivation, the traveller must lake wdth him 
all the food he w'ill need for himself and his 
beasts (01, nowadays, the petiol lor his eai). He 
must discard everything w hie h is not a necessity. 
He must know, 01 must take a guide wdio knows, 
the routes which pass by watei -holes or wells. 

One ])roblem of desert travel is the lack of 
ordinary landmarks, (\specially in sandy deseit, 
where lii ver) shape oi the terrain changes con- 
tinuous!) I'hc tiaveller nee‘ds, therelon\ a good 
sense of direction. Nowadays the traveller can 
use a ( mipass to guidi* him; in ancient days he 
had to depend on his knowledge of the stars 
by wdiieh to reckon his whereabouts. In the 
mountainous desert of central Asia, and again 
in j)arts ofx'Vmerica, the traveller needs the suie- 
fooledness of a mountainc'cr. In the past there 
were many dangers to face - the dangers of 
attacks by robbers or the constant possibili.y of 
lieccjiniiig inv Jved in local wailhre betv^^een 
desert tribes; trie dangcTs of encountering sand- 
storms or finding the wells dried up in a drought ; 
or of losing the* way, of running out of food, or of 
suffering from any of the many desert diseases. 
It is the conquest of such dangers that has given 
to journeys across the desert such a romantic 
appeal to adventurers and explorers. 

People travelled across the desert either for 
purposes of trade or to make Pir.ciRiMACES (q.v. 
Vol. I). It was the ciuty of a strict Moslem to 



DESERT 711 AVEL 

make a pilgrimage to Mecca at least once In his 
lifetime, and the same injunction rested upon 
the Jew to visit Jerusalem. Such journeys were 
gcncriflly made, for the sake of safety, in large 
parties or caravans. The word ‘caravan’, 
originallf a Persian word, means a party of 
merchants with their merchandize travelling 
together for safety. Very long ago trade de- 
veloped between the cities of the Near and 
Middle East, and then stretched farther east, 
through Persia and Afghanistan, over the Hima- 
layas to India, and through Tibet to China. 
TJic rnei chants gradually established rc utes 
which took the easiest passage through dilh/ult 
country (.srr Traok Routes). Marco Polo 
(q.v. V^ol. V), nearly 700 years ago, travelled 
along the old Silk Route on his famous visit 
to central Asia and beyond to China. Routes 
across the Sahara and Nubian Deserts in Africa 
also became established, and Timbuktu grew 
into an important caravan centre. In the 14th 
century the great scholar and traveller Ibn 
Battuta journeyed from Fez in Morocco through 
North Africa to Mecca and on to Persia, India, 
and China; and again from Fez across the 
Sahara to West Africa. 

During the Middle Ages, as Europe became 
more civilized and wealthier, the demands for 
eastern goods, for silks and spices, precious 
stones and carpets, increased. The rich trade 
and the control of the caravan routes was in the 
hands of the Moslems; but during the later 
Middle Ages Europeans travelled more and 
found new routes, especially in Asia. Arab 
caravans from the coasts of Moslem North 
Africa travelled across the Sahara into Negro 
Africa in search of salt, ivory, and slaves. These 
traders not only brought precious wares with 
them, but also talcs of strange peoples and 
places. The arrival of a caravan must have 
been a great event, I’or with the caravan came 
the news of the world. t 

yntil the invention of the motor and aero- 
plane, travel was mainly by beasts of burden. 
The chief beast of burden on jllic desert has 
always been the earned — the tall, one-humped 
dromedary used in Africa and the Near East, 
and the sturdier, sure-footed two-humped 
Bactrian camel in central Asia. Donkeys arc 
used greatly, especially for riding, and in the 
higher, rocky regions mules and the sure- 
footed, lough little Mongolian ponies carry most 
of the transport. Yaks hi I'ibet and llamas 


in central and South America arc particularly 
suitable for the special conditions of those 
regions. Many desert people are .breeders of 
horses, but generally speaking only the chiefs 
and wealthier people possess horses for riding; 
and the horse is not a very good pack, animal 
in desert conditions (see Beasts of Burden, 
Sections 2 and 3). 

A caravan party often consists of forty to a 
hundred laden beasts, though large caravans 
sometimes run into several thoqsand mules or 
camels. * The camels arc fastened head to tail 
by hair ropes in a long, straggling line. The 
leading camel is often decorated with gaily 
coloured trappings, tassels, and bells, and some- 
times an unladen donkey leads the whole pro- 
cession. The caravan party appoint a leader to 
take charge of the journey. Moslems consider 
that Friday, an hour after tlie noon-day prayer, 
is an auspicious time to start the journey. The 
caravan travels at the unhurried rhythm of a 
camel’s pace, covering from 2 to 2i miles an 
hour and 23 to 26 miles a day, in two stages. 
'Fhey start very early in the morning and make 
a long phuse during the midday heat. I’hcy 
camp at night, perhaps at one of the caravan- 
serai which have grown up along the much-used 
routes. These arc stone buildings round a cen- 
tral courtyard, which give shelter, but no food, 
to' the traveller (see Inns). Where there are no 
caravanserai the travcllcTs pitch tents of goat or 
camH hair. Caravan journeys generally take 
place in the spring (in high regions after the 
snow^s have melted), in early summer, or late 
autumn. 

The business of the long-distance caravan 
traders has inevitably declined in the modern 
world. The development of sea routes in the 
i6th and 17th centuries, well as political 
turmoil in the countries of the caravan routes, 
and the abolition of the slave trad^, all led to its 
decline. Modern transport has I'or the most 
part made it a thing r)f the past, for modern 
engineers have built motor roads and "even 
railways through the most diflicult country. 
Pilgrims to Mecca now arrive in modern cars 
and aircraft. Desert journeying* by beast of 
burden is mainly confined to the desert-dwellers 
themselves, pastoral nomads such as Bi.douins, 
Moors, Tuaregs, or Mongols (qq.v. Vol. I), 
who breed camels, sheep, goats, and horses; or 
even the primitive hunters^iuch as the Bushmen 
of the Kalahari Desert or (he AusTRAT.iAiy 
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Aboric INI s (qq V \ ol P lo sikH, clisdt 
tiavrl IS not so mudi aclvdiLuic oi a cairer but 
life Itself 

To-dci) the deserts aie bisected b^ motor and 
an routts Hu Sahara, fust (tossed by rnotoi 
in iq2J, can now bt crossed in lo d i\s in stre am- 
hricd buses from ^loitrs to Zmdir in trench 
West Africa A sinnlar bus service Mins between 
Syria and Bagdad Desi.it patrols, aircraft, 
motorized aiinits, have distuibcA districts once 
visited only b^ camels Although ear avail trade 
IS to'‘ all intents and purposes dead, the sa 
rqutes still cairy the interchange of commerce, 
ideas, and culture As an travel develops, the 
great deserts of the world become less and hss 
the formidable baiiiers to communication 
which th«y were in the past 
See also Tkadf Roi ils, R sts of Burden 

dhow. The worc^ dhow is the term used by 
puropcans to describe any 4 ond of Ar ib sailing 


(lilt H \raiis (q V \ol \) hav( vinous 
names for their ships Jor cxiiuph, the largest 
dhows are called baghla which is Arabic for 
a mule xhese line great ships h ive long over- 
h ingmg bows and srpiaie sterns, decoiatcd with 
( lived ornament, originally c(j]ncd from the 
stilus of Luioptan ships trading with India in 
the 17th and i8th centuries, so that oiu finds 
i Ui n to-day poop-dteks, stern windows md 
ipiait 1 g illciic^ They have two or three slmit, 
heavy masts, ikiiig forward and carrying tall 
lateen sails [ste bAii inc. Ships) Smaller squaie- 
sterned dhows ^le railed sambuks, and these are 
peih qis the commonest tyq^e Some of the best- 
tound and sm irtest are the boom^, which have 
sharp sterns and graceful lines They are kept 
vciy smart and gleam brightly with varnished 
woodwork The mei chants live on the poop- 
deck round which their chests are ranged The 
bedem^ hailing fiom Muscat in the Persian Gulf, 
IS a quaint type, shoit and wide, with one or 
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two upri,i*lit masts and lateen sails with shorter 
yards and lull's. 'I'hey have false stems, clipper 
bows, and sharp sterns with very tall lalsr stern- 
posts, from whi('h the tall rudder is slung. This 
rudder is operated by tackles to each quarter 
from a horn projecting aft from the rudder, just 
above the waterline. In expert hands the 
picturesque dhows are excellent seaboats, and 
make long voyages from the Red Sea and Persian 
Gulf down the African coast and back again, 
using the north-east and south-west monsoon 
winds. Arabs are expert sailors, but many are 
happy-go-lucky; and some of the dhows sail 
unprepared to wTathcr the squalls w'liich .some- 
times arise. 'I’he lateen sail is not reefed, but 
a smaller sail is set in its place w^hen there is 
a strong wind. 

Sre also .Saii r\r. ; Sailinc, Siiirs. 

DIALECTS. When peoi)le who speak the same 
laTiguagc live in different parts of the country 
or arc split up by large differences in their 
education or work, they develop difl'erent forms 
of the language. When the differences become 
great, these forms arc called dialects. Such 
differences last, and usually increase, as long as 
the speakers or writers of one group remain 
more V)r less cut off from those of another. If one 
dialect is influenced by conditions that do not 
affect the rest (for example, clo^e contact with 
people speaking another language), then it may 
in time differ from them so much as to become 
a distinct language. French, Spanish, and 
Italian, for example, w^ere all originally 
‘dialects’ of Latin (qq.v.). 

But when the speakers oi’ the various dialects 
of a country have a common culture as well as 


124 

a common basic language, and where com- 
munication between the various parts of the 
country is easy and frequent, such differences 
are usually kept in check. This is chiefly, because 
for political, cultural, or commercial reasons 
there is a strong tendency for the diah-ci of one 
class or area to gain ascendancy over the others. 
These last then often become confined to collo- 
quial use, or even die out altogether. 

There have been dialects in England since 
Old English times: for example, Old fhigli.sh 
manuscripts written in Northinnbria and Kent 
show strongly marked differences in sj)elliiig, 
inflexion, and sometimes in vocabulary. By the 
beginning of the i ith century, when Winclicsiri 
w^as the capital of England, the West Saxon 
dialect seems to have become almost a ‘stan- 
dard’ for literary purposes. But with the Noi- 
man Conquest Wessex lost its power, and tin* 
importance of its dialect declined. For several 
hundred years people wrote in theii local dia- 
lects, all of which were dcvt‘lojnng iaj)idly, and 
theiefore differing more and more liorn each 
other. By the end of the 14th century, liowevci, 
the dialect of London and the surrounding area 
w^as beginning to gain supremacy, chiefly l)e- 
('ause of the growing importance ol' London itsc'lJ ; 
and by Fdizabeth’s reign it had beccaiic the l)asis 
of the written language (sre Standard En(;ltsii). 
Yet this did not prevent Shakespeare Iroin intro- 
ducing several words and pfi rases from his 
nature Warwickshire dialect into his plays 
(‘mobled’, ‘muss’, ‘othergates’). And wor ds and 
pronunciations from other dialects, such as ‘fell’ 
and ‘beck’ from the north of England, and the 
forms ‘left’ and ‘merry’ from the south-east, 
have at various times entered the ‘standard' 
language. Until the late i8lh century many 
people of the upper classes who did not live in 
the c’apital went on .speaking* their local dialect: 
Squire Western, in Fielding's l^orn Jones, I'oi 
example, says' ‘zee, volks, wull’ for ‘sec, folks, 
will’. 

Burns and other Scottish poets have given the* 
Lowland Scots dialect the standing of a literary 
language. In the 19th century Williitm Barnes 
attempted to do .something similar for the dialect 
of Dorset. Edmund Blunden is an example of 
a modern poet who has used dialect^words in 
his verse Dialect has been used in dialogue by 
such modern writers as Thomas Hardy in his 
Wessex novels, and G. B. f^haw in, for example, 
Major Barbara and Jjygmalion — ‘ced now bettern 



t4) spawl a poie gd’b flahrz’ is a specimen of 
ins attempt to icpiesent Cockney 

Despite the spread of education, bioadcasting, 
and iht cinema, regional dialects persist in inan^ 
parts of England, as well as on the Ciontmcnt, 
and help to keep a language fiom becoming 
monotonously unifoim In Amciica, where the 
population has* tended to shift more often than 
in Luiope, dilTcicnccs m the spoken language 

,aie compai atively kw, and thcit aretinly tnicc 
main dialect aicas — New England, the south, 
and tlu iniddle*and western slates Only in a 
je w isolate: d ai e. as sue h as the Appalachi ins and 
the lidc-watci countiy ol Virginia, do old ex- 
pi e ssions sui v i\ e lei the same e xte nt in E nglish 

di lce_ts ‘Class di ilc cts scare e h e xist in America 
lid, when the) do, count foi vci) little (see 
\mi RICAN I Nc I isn) 

S( t* iLo Si \NC I N I TSIl T ANt l At I 

DICTIONARY sec Rfferi N( 1 Books 

• DIESEL LOCOMOTIVE. Ihis type of engine 
is incicasingl) liking the ])1 kc of tl^|" skim 
locomotive inseimee unti it s, not ibly theL nited 
Stale 1 he 1) isic pi me ip!c of the Dilsll Lnc ini 
( cj \ \ ol \ 111) IS that of intein d combustion, 
like the inotoi i II petnal engine but using in- 
stead a much cheaper oil luel The cost of 
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building a diesel locomotive is high Diesels 
do neat noiinally transmit then power diiect to 
the engine wheels, a diesel is like a tiavelhiig 
power statiorf, the engine woiks an eleekical 
generator, the ciirient ol which is used to diivc 
poweilul electiic motois, which tuin the loco- 
motive wheels This dicsel-elcctiic loirn ol 
tiansmission enables the many wheels ol a long 
loeoipotivc to be diiven by electiic powci fjoin 
the dicscl plant, while two oi three locomotives 
i an be linked together and conti oiled b\ one 
Clew m the leading locomotive Altboin b a 
diesel locomotive costs at least twice as iniu h to 
build as a steam loLomotive ol tht same jacmti, 
theie aic great advant iges Not only is tlie fuel 
oil cheap, but the diesel uses no fuel while 
St Hiding still unlike the old ste am-engirie which 
h i^ to get up steam latloie hiiihiig its tiain 
A diesel locomotive will v\oik coiitiiiuousl) 
loi 24 houis a da\ if neetssii\ and mode in 
ehesi is aie expeeted to be iv iilable foi letual 
seivice on the 10 id over 90 pti cent ol eacli d iv 
i figuic v\hieh steam could not nval In tlu 
I lilted States die se l-electiic locomotives ai( 
used without change ove 1 dislanets <as gieat as 
li am ( hie ago to Los Angeles and San I lancisco 
moic than 2,200 mih s, running foi ncaily 
40 houis Although the diesels use water foi 
( ngiiie-coolmg le filling is seldom needed, so 
that the du se s do not waste time on their 



THtJ ROVAl SCOT DRAWN BY TWIN DIESPI -ELtCTRIC LOCOMOTWES 

T he tram is dimbing^Shap I cll, Westmorland, on its non-stop run from Euston to Glasgow 



DIESEL LOCOMOTIVE 
lourneys by taking water: in arid country, where 
water is scarce, this is an advantage. Also, the 
locomotive’s supply of oil fuel lasts longer than 
the coal supply in a steam locomocive tender. 

In Great Britain there has been some ex- 
perimental use of diesel-electric locomotives in 
long-distance passenger service, on the London 
Midland Region, including the hauling of the 
Royal Scot. Their chief use, however, is in mar- 
shalling yards. The Western Region has a num- 
ber of strcam'lincd passenger railcars which arc 
dicschnicchanical; the wheels are driven direct, 
without any electiical transmission. lilechani- 
cal transmission is a iairly simple matter itii 
engines of limited horse-power, as in these 
Western Region cars; but when it conies to imits 
of 1,000 brake-horse-power and upwards the 
design of a direct transmission that will stand 
up to the work is difficult. This is why^ elei trical 
generators and motors are normally interposed 
between the diesel engines and the axles, for 
this is a much more flexible and suitable method 
of control. The London Midland Region, 
however, has made experiments with a 4-8-4 
diesel express passenger locomotive with direct 
mechanical drive. 

Some ol the cailiest diesel locomotive expcii- 
ments were madf in Canada in 1925, but the 
greatest impetus to the u.se of diesel power came 
in 1932 with the German State Railways’ 
‘Flying Hamburger’ sti cam-lined train. This 
consisted of two articulated cars, 138 feet long 
and 77 tons in weight, driven by diesel electric 
engines of 820 brakc-horsc-power. I’hc ‘Flying 
Hamburger’ was booked to run daily between 
Berlin and Hamburg at an average speed of 
77*4 miles an hour, and maximum speeds up to 
100 miles an hour became common. The use ol 
diesel-elec tiic stream-lined trains spread all ovei 
Germany, and runs timed from start to stop at 
over 80 miles an hour appeared in the German 
time-tables over several main routes. 

It is in the United States, however, that > 
dresQ^ -electric traction on railways has made by 
far the greatest strides. It was first tried in 
shunting-work in 1925, and in passenger service 
in 1934. By the end of 1948 nearly 10,000 
diesel-electric locomotives had been built for 
American railways. These have now been intro- 
duced for use with a great number of stream- 
lined trains as well as for use with a large pro- 
portion of ordinary express trains. Diesels have 
become popular as well in long-distance haulage 
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of freight, and do a great deal of shunting in 
marshalling yards. 

The American principle is to build indepen- 
dent locomotive units, and to use as many of 
these units together as necessary, with one crew 
taking charge of them all by means of multiple- 
unit controls. For passenger work the most 
poi)ular unit is one of 2,000 brahc-horsc-powci, 
used either singly, or (on the heavier trains) in 
pairs or triplets, totalling 4,oc'o or 6,000 brake- 
horsc-power. On freight work the 1,500 brakc- 
horse-power unit is the most ^\^dcly used, with 
a maximum of four units (6,oou bi akc-horsc- 
power in all) coupled togetiicr. Shunting is 
mostly done by 1,000 and 660 brake-Jiorse- 
[)ovvcr units. A 6,(joo brake-horse-powcr com- 
bination may measure up to 200 feet in length 
and weigh over 400 tons. 

The mcrhaniral and electrical equipment is 
of a very complicated description, and helps to 
ticcount for the high cost — 5500,000 to $600,000 
— of one 6,000 brake-horse-pow'er locomotive. 

Scr also Lot ovioTivts. 

See also Vo I Vlir Intfrnai Comi’tsiion Inotne. 

DIESEl!. ROAD ENGINES, see Road ’Fkans- 
PORT Engines. 

DIRIGIBLE, see Airship. 

DfRECTION FINDING, uv Naviga noN, Aik ; 
Navigation, Marine, 

DISCOVERY I. This ship, now owned by the 
Sea Scouts and moored in London, w as specially 
designed and built for the first expedition to the 
Antarctic (1901-4) led by (^iptain R. F. Sgoti 
(q.v. Vol. V). The lines ol Iiei hull arc normal, 
except that she has a long overhanging stern 
to protect the rudder. She is built of wood, her 
sides being about 26 inches in thickness to with- 
stand ice-pressure, and her bow is tremendously 
strengthened internally and covered with steel 
plates externally, to ''enable het to for ce and 
batter her way through pack ice. She can be 
driven either by her 450 h.p. triple-expansion 
steam-engines, or by her sails, which are carried 
on three masts, the first two of which arc cross- 
rigged. 

Apart from the gfcat strength of hCr hull, the 
other peculiar features about the Discovery arc 
the special devices used for lifting both the 
rudder and the propeller on board, and an 



observatory used for the collection of 
magnetic data, around which no iron 
or steel was permitted within a dis- 
tance of 30 feet. 

• The Discovery first left England in 
August iggi. Five months later, 
after cabling at New Zealand, she 
sighted the Antarctic Continent in 
the Ross Sea area. She travelled 
south as far as Ross Island, where* 

Scott made his shore base. She then 
?aiJed along thoedge of the great Icc 
iSarricr as far as King Edward VII 
Land, making surveys and collecting 
scientific observations. I'he original 
plan had been for her to leave 
Antarctica for the winter and return 
in the spring; but such a safe and 
sheltered anchorage was found in 
McMurdo Sound that it was decided 
that she should remain there. Un- 
lortunately the ..-i miner e ice 

in the Sound never broke up, so that she was held 
prisoner for another whole year, and was unable 
to move until February 1904. Sht then returned 
to England, having sh(' vn hcrsell a mos? sucress- 
lul ship for scientific j ui^oses in polar seas, the 
only sei ious criticism being that she c arried too 
little sail 

After being used for carrying cargo, first by 
the Hudson’s Bay Company and later by the 
Admiralty in the First World War, the Discovery 
went south again in ic)23, when she became the 
first research ship of the Discovery Committee, 
which was set up to study the Antarctic whaling 
industry. In 1927 she w^as leplacccl by tfie Dis- 
covery II, but iTturned to (he Antarctic for two 
summer expeditions in 1929 and 19J0. These 
were her last distant cruises. 

Sec also IcF-BRF'AKcrt, Snow and Ici Travel, 

See also Vol. Ill: Polar Rfoio^s 

DIVERS AND DIVING APPARATUS. Div- 
ing has a long history. Wf know' that Alexandc 
the Great, sent down divers to remove under- 
water obstructions at the siege of Tyre in 332 
B.C., and that he himself made a descent in a 
coiymba^ a machine which kept a man dry and 
at the same time let in light. Aristotle descr ibes 
instrumenfts used by divers f-'^r drawing air from 
the surface. He also wiitcs of a cauldron 
lowered straight down so that the air remained 
inside and could be Breathed by its diver. 
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A DIVl K WITH HIS F(;)UIPMENT 


Many experiments were made in the i8th 
century w^ith diving erjuipment, and in 1O30 
Augustus Siebe, a Prussian engineei who fought 
at the Battle of Waterloo, inlioduced a suit 
which contained the pr inc iplcs still in use to-day. 

Modern divers us<“ a special dress as well as 
surface equipment. The pump supplying air 
to the diver is carried in a vessel anchored over 
the scene of the diving operations. It is usually 
hand ope’ " -d. The divr»’s helmet is made of 
copper spe lly treated with tin and contains 
three wrndo vs of plate glass, the inlet-outlet 
valves, which regulate air supply and buoy .nicy, 
and telephone equipment through which he can 
speak to people at the surface. The helmet is 
screwed to a corselet, a metal covering lor 
.shoulders and chest, which is secured to a ccTlar 
of vulcariLid rubber on the diving dress. This 
dress is a suit of layers of tanned twill with pure 
rubber in between in which the whole body is 
enveloped. The sleeve cuffs are also made of 
vulcanized ruL\.T and are watertight. ^The 
diver’s air pipe is flexible, but will not collapse 
under the great pressure exerted upon it deep 
under water. It is fitted with couplings at each 
end to fix it to the helmet and air-pump. Weight 
is necessary to take the diver down, and this is 
included in his boots, which weigh 32 lb. a pair; 
he also carries 40 lb. weights on his chest and 
back. Finally, there is the life-line which can be 
used to haul the diver back to the surface and 
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also as a means of communication. The Ufe-line 
often contains the telephone cable as well. The 
greatest depth reached by divers in this kind 
of dress is 340 feet. They have to' spend a long 
time after coming up in a special chamber 
where twe pressure is gradually lowered; with- 
out this they would become seriously ill. An 
underwater ‘decompression chamber’, as it is 
called, has now been invented, and this recjuccs 
the time considerably. 

Diving apparatus which is independent of the 
surface was first used about 1882; it contains 
oxygen and air cylinders and a watertight ( om- 
partment holding caustic soda. I’he diver 
breathes in from the oxygen and air cylinder, 
and out through the caustic soda, which purifies 
his breath by absorbing the carbon dioxide from 
his lungs; the breath then returns to the air 
cylinder. T his system enables a diver to remain 
submerged up to 2 hours. This dress, when 
used in conjunction with the underwater decom- 
pression chamber, has enabled divers of the 
Royal Navy to reach a deptli of 535 feet. Deep- 
sea diving is carried out in specially reirilbrccd 
suits of cast-steel cylinders. These can with- 
stand tlie enormous pre.ssure w'hich w'ould crush 
any unprotected body; but they are not very 
u.seful, l)ccau.se of their lack of mobility. An 
underwater obserx'ation chamber is used in- 
stead. Rcmaikal)le dcveloiiments in self-con- 
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From Lives oj the En^itneers, by Samuel Smiles 


tained diving-suits took place during the Second 
World War, when it was necessary to equip 
‘frogmen’ and others for underwater attack on 
the enemy. These included irnprovepicnts in 
the self-contained breathing apparatus, and the 
invention of detachable webbed hands and feet 
for underwater swimming. 

I..arge bell-shaped vessels are used for exten- 
sive work under water. I’hcse ‘diving bells’, as 
they are called, are lowered to the bed of the 
sea or river, the water being kept out by com- 
pre.ssed air. Men go dow’n in these bells and 
can work in their ordinary clothes with plenty 
of light and air. Diving bells arc also sometimes 
equipped with air locks. An air lock is a small 
chamber with two doors. When a man ciittas 
through the first the pressure inside is that of 
the atmosphere, but air is then pumped in until 
it equals the pressure inside the bell. Aflc'r this 
has been done, the man can enter the bell 
through the second door. 

Divers are used to in.spect and iej)ort on 
underwater damage and to carry out small 
repairs themselves; they also disentangle wiie 
ropes wiich have become wound round ships’ 
propellers, and mend ,lock gales. Divers helj) 
in the work of salvage by plat ing in position 
the hawsers by which sunken ships are usually 
raised. In docks and commercial rivers visi- 
bility below surface is extremely potir owning to 
suspended particles ofrnud and other impurities; 
and the diver, although sometimes equi])j)ed 
with powerful lights, often docs much of his 
work by touch. 

See also Salvage. 

See also Vol. Ill: Pressure. 

Sec also Vol. X: Si ii\i \RiNr,. 

DOCKS. Docks for ship repair should not lie 
confused with the wet docks*^ used in Britain for 
the discharge of vessels, or witl^ceitain piers, 
such as thos 5 at New York, whit h arc also 
known as docks. P'oi" ship repair, docks arc 
designed to expose the underwater parts of a 
vessel’s hull, so that painting or reconditioning 
may be carrieckout Ship Repairs, V(d. VIII). 

In Great Britain, ship repair work is usually 
carried out in a dry dock, often called a graving 
dock. It is a stone or concrete basin ^connected 
with a river or a wet dock, so that it can be 
readily flooded by the opening of sluices. When 
the dock is full of water, tjfte vessel is floated in. 
The entrance is tlipn closed with a watertight 
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i^ate known as a caisson, and the water is 
pumped out. 'Ehe vessel is supported by wha» 
are known as bily^e blocks, which arc enormous 
wedges under the bilge (the bottom part of the 
ship). Wooden shores or props keep the shij> 
stiaight as the level of the water drops. When 
repairs have been completed, the dock is again 
Hooded, the caisson is removed, and the ship 
floated out. 

Another met hoc! of ship repair uses the 
floating doclq. This is a floating cradle big 
enough to hold a ship. It has tahks which can 
he filled with^ water so /hat the cradle partly 
sinks 4nto the sea or river. When the tanks havi 
been filled, the ship is floated into the cradle 
arid the tanks are pumped out. This causes the 
dock to rise, ■ carrying the vessel clear of the 
water. Floating docks need deep berths or 
locations ^hich have to be kept clear of mud 
by constant dredging; cxccp« for certain Govern- 
ment dockyards, they are now rarely used in 
Britain. 

The largest dry dock tji the world is at 
* 4852-4 


Southampton. It is i ,200 feet long, 1 35 feet w ide, 
50^ feet deep, and can accommodate the largest 
vessels afloat. One of the most up-to-date dry 
docks is at Tilbury, on the Thames, where 
mechanical bilge blocks and a device called a 
leading-in girder avoid much of the d#fli('ullies 
of getting a vessel into position as the water 
whic h supports it is pumped out of tne doc k. 
also Ports and Harbours. 

See also Vol. VIII: Docks and Harbours. 

DOVER ROAD. Long before the RoiiKins 
eame to Britain there was a route from London 
to the coast, following much tlic line of tile 
modern Dover Road. The Romans greatly 
improved this ancient trackway. They made 
iL part of a military road (our Walling Street) 
wliich runs right across England from Dover to 
Chester and thence across Wales to Caernarvon 
{see Roman Roads). On the first 70-mile 
stretch from Dover to London the Romans built 
liridgcs across the fords, and raised a causeway 
to carry the road across the low-lying marshes 
round the Medway. Until the coming of the 
railways and the growth ol new industrial towns 
in the Midlands and north, this stretch of 
Roman road was one of the busiest highways 
in the land. • 

The Dover Road has seen much history from 
the time of the Romans. Noiman batons, 
following William the Conqueror, came from 
the GontiiJ U up the Dever Road to settle in 
the newly v inquered land; bands of crusaders 
set off down it on their way to the Continent; 
CUiaucer'^ Pilgrims and many others lollow ed it 
to Canterbury; the Kentish rebels rallied .dong 
it to the call of Wat Tyler; and the first of the 
King’s Postmen passed along it in Tudor times 
\N ith news from the Continent. 

In Stuart days the road surface became so 
bad that many travellers preferred to journey 
l)y water, at least as far as Gravesend. They 
thus avoided the stretch of road running across 
Blackheath and up Shooter’s Hill, a plact that 
already had an ugly name as the haunt of foot- 
pads and Highwaymen (q.v.). In the 19th 
century the Dover Road was celebrated in the 
writings of Charles Dickens. Among his chief 
characters, Mr. Micawber and Mr. Pickwick 
both travelled the road, and Dickens himself 
lived for many years at Gad’s Hill Place between 
Dartford and Strood on the route of the road. 

See abo Roads, British. 


DREDGER 

DREDGER. Poits, caiiaK and navigable nveis 
are kept clear lor traflic by dredgers — special 
boats fitted with machinery to scoop up mud 
<ind sdt fiom the bed of the watcKvay Canals 
always tend to silt up, especially where the 
banks are unpiotccted by concrete piles or walls 
1 he narrower waterways used by self-piopclled 
(raft suffer most, since the wash horn the pro- 
pellers is continually eating into the banks 
Another cause of silting is the soil washed in 
fiom cuttings and high lands (see Denudation, 
V ol III) Navigable rivers do not usually silt up 
all over, as the flow generally keeps a passage 
dear, but shoals form on the inside of bends, 
and aie caused by the scouiing or wa hing 
away pioduced by lock sluices Silting is partly 
a result of river pollution Sewage and chemical 
discharges and hot waste water fiom generating 
stations all tend to make a rivei deposit the solid 
particles in its water, instead of carrying them 
out to sea 

With the growth in the size of ships, most 
ports have been forced to resort to dredging to 
[irovide the deeper water required In the Poit 
of London, for instance, an aitificial approach 
channel, i,ooo feet wide and 30 feet deep al 
oiclinaiy low water, has been dredged from th( 
sea into the hcai^ of 1 ondon The tide scouis 



FIG I SEC TION OF HAND DREDGER 

this channel clear of deposit, but maintenance 
dicdgmg is necessary m certain areas, iiotalil) 
in tidal basins and the approaches to dock locks 
Some 170 million tons of material have been 
removed fiom the bed of the tidal lhames b\ 
dredging 

"^Ihe method of removing silt from can ils is 
the sftme for most canals, but the size of the 
plant vanes with the waterway In the smaller 
canals of Great Britain the hand ‘spoon dredger’ 
la still used extensively for icrnoving small 
deposits The ‘spoon’ is suspended b) a swivel 
derrick from the centre of the boat, which has 
compartments at each end to hold the mud 
The spoon is pushed forward by the weight of 
the man pressing against the long handle, and 
when full, it is lifted by a winch at the fore-end 
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ind crnplicd into tlie hold \Mi n i’ ( I i( i 
dischaiging on to the tip, the pi occ ss js ic \ c ised 
With this rnichme thiec men can dicdgc ihoiit 
50 ton ol mud a d i} J ig i) 

Steam-driven graii dicdgcrs c inic inlo use 
about the middle ol last ccntui) Ii Lngl irid 
the usual size ol tlic xtsscl is iq-loot l)i im ind 
the grabs ha\c a '^apa(it\ of \ to ] cubic cuds 
Scimc dicdgcis have side pontoons v\hi(h give 
stibilitv, and can be nmovccl to tniblc the 
chedger lo piss thiough riuiow budges 1 hf 
grab may be cilhii free -Idling and sc It-c losing, 
or opened ind closed under steam picssuic the 
pressure cshndei being attached to the top of 
the grill I he whole thing is suspcndid horn 
the drcdgei crane (ue 1 ig j) 

The dredger is held up to the mud hy ropes, 
and the di edged mate iial deposited into hoj^fu 1 
bolts to b( tikrn to tlic tip, and there disc}\ii^(d 
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by a giab rranc which resembles the drcdgci 
ciane. Working in ordinary mud, which docs 
not have to be carried very far, these dredgers 
can dredge r/xx) tons a week, or abotit 2 miles 
of narrow canal a 'veaf. Nanovv canals wi'h 
average protections to the banks may need re- 
dredging every 20 years. 

When there are not many bridges and (he 
material can be de{)osited direct on (lie banks 
alongside the canal, a drag-line crane on 
creeper track is sometimes used. This is a cram , 
d liven by an internal-combustion engine, which 
moves along tlie bank. It has a grab shaped 
like an inverted bucket \\iLh teeth, which is 
swung C3iit over the canal, and pulled in when it 
is full (.rre Fig. 3). I’his is quick and cheap to 
work. 

In certain situations the suction dredger can 
be used, generally w'here there is a thick layer ot 
mud or sandj and no danger of .opening a soft 
spot in the bed of the canal. The material is 
sucked up through lorfg pipes by means ol 
pumps. .Suction plant is frequently used 1 a' 
discharging mud from hoppers^ at the lip; as, 
however, the material is in a fluid stale, there 
must be plenty of space and adequate banks 
at the tip so that the mud can settle and the 


w'atci drain olT. Disused gravel or clay pits 
made good dredging tips. 

'J’he ‘ladder’ or continuous bucket dredger 
is u.sually ernjrloyed in rivers and estuaries (see 
Fig. /[). Gareful preliminary work by a marine 
surveyor is necessary to ensure that the drodger 
works on the exact site of t!ic sho.rl, and it is 
held in pLue by a number of strong moorings. 
The silt, or ‘spoil’ as it is called, is shot into 
attenda..t hopper barges which may be scll- 
frropclle or towed b)' powerful tugs. In most 
cases tire spoil’ is dumped at sea in detp water; 
Thames hopfjei's, lor instance, carry their loads 
to the Black Deep in the outer 7 'lramcs estuary 
where they are deposited without any danger of 
forming new' shoals. I’he hopper barges have 
‘doors’ in the Irottoms of their holds throi'gh 
which ih mud Is dropped out. 

See alsil K1\I.R \Vl(iAI l()^ . I’llKlS AND llARBOIIRb. 

DRY DOCK, w Docks. aho Vol. VI 11 : 
Ship RtPAiits- Docks and 1 Iarpoi r Construc- 
tion. 

DUG-OUT CANOE, sec Canoe. 

DUTCH LANGUAGE, see Ch.RMAXic Lan- 
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necessary the use of two locomotives and crews 
for all the heavier trains. Electric locomotives, 
drawing their power from the ample resources 
of the line conductors, usually avoid the need 
for ‘double-heading’ (two locomotives), and 
again make it possible to speed up the service. 
An example of this in Great Britain is seen 
in the electrification of the E. R. Shcfficld- 
Manchester main line with its gGb-foot summit 
level at Diinford. This station is at the eastern 
end of the Woodhead tunnels, 3 miles in length, 
by which the railway cuts through the main 
chain of the Pennincs. Very heavy freight 
ECHO SOUNDER, see Echo SouNpr r, VoI. traffic is worked in each direction over this 
VIII. route, and as the tunnel is at the summit of long 

and steep inclines, and is itself on an incline, 
ELECTRIC RAILWAYS. Electrification of a the freight trains drawn by steam locomotives 
railway line is very costly, and can only be have needed 10 to 15 minutes to clear it. 
justified in certain conditions. One justification Electric working was planned to halve these 
is dense traffic, as in suburban areas round large times, and so in effect will double the capacity 
cities. Here electricity offers many advantages, of the line. 

After each stop electric trains can speed up so In the mountainous areas of the world, where 
rapidly from rest that, on a route with frequent long and steep inclines are common on almost 
stops, not only can the overall train times be all railway routes, there is also the advantage ol 
reduced, but trains can be packed more closely cheap wter-power, so that electric: working is 
together, so that a service both faster and more doubly a profitable proposition. The rushing 
frequent can be offered to the public. The streams of the high mountain valleys can be 
tremendous growth of population in the suburbs dammed into great reservoirs, from which the 
and outer suburbs all round the south-east, water is brought down steep pipe-lines into the 
south, and south-west of London has been power-stations, to drive turbo-generators supply- 
largely due to the attraction of the electric train ing electric power for railway use. In coimliies 
services of the former Southern Railway, which like Switzerland, Sweden, and Italy, w hich have 
created the largest suburban electrified railway ample water resources, but have to import all 
system of any individual railw^ay in the world. their coal from other countries, schemes for 
A second justification for electrification is using Hydro-electric Power (q.v. Vol. VI 11 ) 
provided by long and steep gradients, which are even more attractive. Italy has electrified 
slow down steam working, and often make 4,400 miles of her railways, Sweden 3,/] 20 miles, 
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Contact is made by the flexible *pick-up’ mounted on the Ck>ntact is made by the steel sTioe between the driving 
roof of the locomotive or motor-coach • wheeb 
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and S\Nil7eiland all but 2,800 milrs - or practi- 
cally the whoic ol the* Swiss railway system 
For suburban working, direct cun cut (d c ) 
clcctrihcation is picfcrred, because the locomo- 
tive equipment lequired is sufficiently lit^ht and 
compact to form pait of an oidinary coach {see 
Elec. j RIG MoroR, Vol. VIIT). On the latest 
London Tube coaches, all the control gear is 
packed into the limited space between the 
coach lloor and the track, so that the entne 
length oi the coach, apart fiom the small driving- 
cab, IS available for passenger seating On direct 
current lines it is customary to make up subur- 
ban trains into units, with a motoi unit and a 
diiver's cab at each outer end, and one or two 
oidinaiy tiailcr coaches in between, the motor 
units have one or both bodies {see LoroMonvE, 
Sieam) which arc motoi -driver, and all the 
motors aic under the control of the one motor- 
man at the licjnt of the if am. If more passen^T^M 
accommodation is needed, as at the moiiimg 
and evening rush hours, a second^ unit is coupled 
up to the first, and the motors of (he second unit 
dso come under the control of the motoi-man 
in the original unit. This is called ‘multiple- 
unit working’, each unit self-contained with its 
own motive-power, as compared with the use of 
independent electric locomotives 

Foi main lines independent locomotives arc 


customar), so that they may be able to draw 
trains of ordinary passengei and goods rolling 
stock. On main lines, also, it is customary to 
install alternating cuirent (a.c.) electrification 
lather than direct cunent As compared with 
the 600 to 650 volts of most direct-current rail- 
ways, very high voltages are used wnth alternat- 
ing cu^’^nt— such as the 11,000 volts of the 
PennsyK ia Railroad, U S.A., the 15,000 volts 
ol the Swiss Federal Railways, and the 16,000 
volts of the Swedish State Railw^ays. These high 
pressures cheapen the cost of feeding the cunent 
to long stretches of line; but with altetnating 
cunent of high voltage it is necessaiy to caiiy a 
Transformer (q.v. Vol VIII) on each lorj- 
inotive, «ind the locomotive equipment i^s 
heavier and inoic bulky than in diie( t-cuncnl 
multiple-unit trains. 

Alternating current is always supplied to 
trains by an Ov^ihead conductor, as on l^jngthy 
main routes the copper wire used for overhead 
conducting offers less resistance to the flow of 
the current than the steel conductor rails used 
in thiid rail electrification. With direct current, 
however, for services that are very frequent, the 
most reliable method of current distribution and 
the cheapest to maintain is the ‘third rail’, laid 
alongside the running rails, from which the 
current is picked up by steel shoes On some 
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railways, such as the Southern Region, the 
current is returned to the power-stations through 
the ordinary running rails. Greater electrical 
efficiency is realized by the London Transport 
method of laying a fourth rail, for current return, 
in the centre of the track. 

ELECTRIC SHIP. There are many hundreds 
of ships in the world which arc propelled by 
electric motors — the big brothers of those that 
move trams and electric trains. 

The electric ship has certain advantages: the 
electric motor is small for the power it delivers, 
and can, therefore, be tucked away neatly in 
the stern of the ship. It docs not need a jng 
shaft connecting the propeller at the rear with 
the main machinery, which is often amidships. 
An electric motor is easy to control, and in 
certain cases electric ships can be operated from 
the navigating bridge in the way an electric 
train is operated from the driver’s cab. This is 
very useful in ships like tugs and dredgers, which 
have to be constantly making small movements. 

I’liere are tw'o kinds of electric ships, steam- 
electric and diesel-electric. In the steam-electric 
kind the generators which supply the electric 
current arc diiven b) steam turbines. In the 
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dicscl-clcctric ships the generators arc driven 
either by diesel engines or by internal-com- 
bustion engines (like those that drive motor-cars) . 
The choice of one kind of engine or .another 
depends upon the duties the ship is to carry out. 

When the generators which supply^he cunrent 
that drives the screws also supply currents for 
other purposes, such as cooling and lighting, 
the generating plant is very like a central power- 
station. 

Electric ships arc not new. They were tried 
out by the Russians on the Volga river early in 
the present century. For use with internal-com- 
bustion engines, electricity was the only means 
known at that time of reversing the direction 
of rotation of the propeller shaft. The largest 
electric ship in the world was the 160,000 horse- 
power liner* Normandie. This huge ship was 
burned at her pier in New York during the 
Second World War. She w'as a triumph oi 
marine engineering; w'hcn steaming at full 
power at sea, at about 28 knots, her enormous 
generators made enough electricity to have run 
ihe whole of London’s underground railways 
during tk^^ busiest period of the day. 

In some of the earliest -attempts to build an 
electric ship storage batteries supplied current 
to the electric motors. Canoes and launches 
were the type of craft to w'hich this system w^is 
applied ; they ran very smoothly and quickly. 

For many years submarines used electric 
motors when they travelled submerged, as no 
way was known of getting rid of the poisonous 
exhaust gases of any oil-engine or petrol-engine. 
The motors took their current from enormous 
electric storage batteries which were placed 
within the hull; the batteries were charged by 
oil-engines, whenever it was safe lor the sub- 
marine to come to the surface, csjk^c ially at 
night. During the Second World War ways 
were found of using oil-engines /^ven when a 
submarine was below the surl’ace of the sea {see 
Submarines, Vol. X). ,> 

Though electrical drive for ships has many 
advantages, it is held to be too complicated for 
certain uses. An electric ship must carry a 
greater number of highly skilled electricians than 
an ordinary ship. Costs are high: expensive 
materials such as copper are needc^ to make 
electrical machinery; the fact that there are so 
few electrical ships means that the mechanical 
parts are scarce and dear. # 

See also Vol. VTII: t’l.FCTRic Motor. 
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ELECTRIC SIGNALLING, RAILWAY, i. 

Syslt'ins of rlrctric signalling, which have greatly 
s])cedc*d up train trallk at large terminal 
stations and at busy junctions, are basetl on tire 
general princ”ij)les ol safety described in Sign.vi.- 
LL\(;, Rahway (q.v.j. The aim of signalling is 
to ensure that not more than one train at a timi 
shall be in lUotion on any stretch of hue (long or 
short, according to circumstances), and that the 
Irallic shall be kept ino\ing in safety with the 
least possible dela\ to Iraitts. 

The all-elcctr ic signabbox, which is gradually 
repl.icing the old manual box, has a rruinbei ol 
ininiatuie le\'(*T's irr jrlace ol the long mechanical 
levers. Several interconnected movements of 
sigmils and points can iTe made v\ith a siriL’^h* 
lever.* lire working ol' sever al boxes can be coi 
cent rated in one single electric signal-frame, 
C(3ntr oiling a large aiea. Signalling can there- 
fore be carried on with a much smaller stall than 
previously, and traflic handled more quickly. 

In the rlcctric signal-box there is generalh 
an illuminated ‘layout d. gram’, repre.senting 
all the lines in the area; scot'cs ol electric con- 
tacts in the running lines show' precisely where 


('very ti'airr or locomotive is m*bving or standing. 
In earlier electric signal-! roxes, many of wiiich 
are still in use, comj)rcssed air, electrically con- 
trolled, ’ as used for the actual working of the 
signals a points; but the modern preference 
is for all lectric working, the power being 
supplied by elecliir motors. Many earlier in- 
stallations combined mechanical lo(‘king of 
points wath elecliii' operation, but all-electric 
locking is now' the general practice. 

In recent seat's there have been even rno^e 
elaborate developments aimed at sirnpliiying 
and speeding up electric signal-box working. 
One method dispenses v\ilh levers. The controls 
are thumb-switches placed on the illuminated 
‘track dragrarr' the box, exactly above both 
the signals and the points that they ^^'ork. From 
this idea there developed a method in use at 
Doncaster. The method calls for only one action 
to iiro’ e both junction points and their signals, 
i’he thum})-sw itches are located on the diagram 
at the signals only and not at the points. At 
any signal which controls the entry to two or 
more routes, the thumb-.switch is turned to the 
roule desired; provid(‘d the track concerned is 
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clear, the movement of the points to the appro- 
priate position takes place automatically, and 
so does the signal movement. 

A still further development is fhe American 
‘NX’ system, in which thumb-switches are pro- 
vided round the margin of the track diagram at 
the entrance to and exit from every possible 
route controlled by the box. The signalman 
sets an entry switch and an exit switch; th<;n, if 
the route desired is clear, the pressing of a button 
lines up all the points for that route, right across 
the diagram, and releases all the appropiiate 
signals to ‘clear’. Much time is saved by this 
method. Coloured lights on the diagram indi- 
cate exactly how each signal and pair of p ints 
has responded. This system was installed at 
Stratford (London), in the Eastern Region, for 
the introduction of an electric train service. 

Electric signalling has to be safeguarded 
against current failure. Most of the larger elec- 
tiic signal-boxes on lines used by steam trains 
have petrol-driven motor-generator sets, which 
can be started up immediately by the signalmen 
if the supply from the electric mains fails. On 
lines worked entirely by electric trains, since the 
current for trains and signalling is generally 
derived from the same source, any general cur- 
rent failure w'ould stop the train service. With 
some types of electric colour-light signals, twin 
bulbs are provided, and in the event of one fail- 
ing, the other is switched automatically into 
[)o.sition. If a driver should approach an electric 
colour-light signal which has failed to light up, 
he is required by rule to stop, and if a telephone 
is provided at the signal, to ask the next signal- 
box ahead for instructions. 

2 . Track-circuits. Electrical track-circuit- 
ing is an important safety device on railways. 
It is a means of showing, in a signal-box, whether 
a particular stretch of line happens to have a 
train on it. Many serious collisions in the past 
would probably have been averted if traek- 
tircuiting had been in use at signal-boxes. A 
stretch of track-circuited line is linked to a 
signal-box by electric wires; through the circuit 
formed by wires and rails a weak current llow^s; 
this current keeps in position part of a small 
elec trical swatc hing instrument knowm as a 
relay ( w Magnkis, Section 2, \'^ol. VIII). When 
a train is on that section of railway line, either 
moving or standing still, the steel wheels and 
axles of the train form a ‘short c ircuit’, by lead- 
ing the current straight across from one rail to 


LOW VOLTAGE WHI^E DIAMOND 



TRACK CIRCUIT 

"Ilie arrows show the direction of the cnrieni, mi ilu l<ii 
when a train is on the line, and on tlx li^ht wix ii ilx iiix 
IS clear 

the other. This diversion of current causes the 
movable part of the relay to fall out of its normal 
position. By this means, an electrical indiealoi 
may be made to show, in the signal-box, a 
visible reminder that a train is on the line. The 
movement of the relay can also be made to lock 
a signal lever at ‘danger’, in order to prevent 
another train entering the same section of line. 

Signals in a track-circuited area raiiy white 
enamelled plates of diamond shape; tliis is to 
indicate a driver that, if he is detained at that 
signal for any length of time, he need not iollow 
the old rule of sending his fireman up into the 
signal-box to remind the signalman, by his 
presence in the box, that the train is standing in 
the section; the track-circuit automatically do('s 
thaJ: for him. 

A section of rail which is track-circuited can 
be detected by the pieces of copper w ire whicli 
join each rail to the next one, to ensure that the 
current wdll flow along the wdiolc section of line. 
Where a particular track-circuit comes to an 
end, insulating material can be seen underneath 
the fish-plates which are used for joining tlie 
rails together, and between the rail-ends. The 
insulation keeps each trai k*-circuit completely 
self-contained. 

ENCYCLOPAEDIA 9^see Rlikrence Books. 

ENDEAVOUR, H.M.S. In this barque Ckap- 
tain James Cook (q.v. Vol. V), Royal Navy, 
made his first voyage round the world in 1 768- 
71. The Endeavour had been a Whitby collier. 
Cook himself had been brought up ip the coal 
trade and approved the choice. The vessel’s 
length was 97 feet along the lower deck, her 
beam 29 feet, her tonnage 366 tons. The purpose 
of the voyage v/as carry out from the Pacific 
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island of Tahiti, some astronomical observations 
of the planet Venus, and also to rediscover and 
survey the coast of New Zealand and to survey 
the still unexplored east coast of Australia. The 
rt^suk of this voyage was to establish the fact 
that, Australia, New Zealand, and New Guinea 
were islands, and not part of a ‘great Southern 
Continent’, which was now shown not to exist. 

Captain Cook’s famous voyage in the En- 
deavour was also important for otlfer reasons. 
Cook was the first to show how to conquer 
scurvy by the regular distribution of fresh vege- 
tables to the ship’s company and by keeping 
the ship clean and dry {see Sea Travel). With 
the aid of the Astronomer-Royal’s new Nauti- 
cal Almanac Captain Cook showed that lie could 
measure his longitude at sea correct to i degree 
by the system of measuring the lunar distances 
of the sun and certain selected stars; in later 
voyages Cook obtained greater accuracy by 
using the maiine Chronome'ier fq.v.) invented 
by John Harri' cn 

The voyage in the Endeavour lasted altogether 
from 25 August 1768 to 12 June 1771 — nearly 
3 years. The ship sailed by the Madeira Islands 
to Cape Horn, and then across the Pacific to 
Tahiti. After the asttonomical observations hau 
been made on 3 June 1769, the Endeavour sailed 
southwards round New Zealand and then north- 
wards up the unexplored coast of eastern Aus- 
tralia, landing, among other places, at a bay 
which Cook called Botany Bay, on account 
the variety of flowers they found there. Th(‘y 
continued to sail northward, but soon ran into 
serious difficulties with the Great Barkti r 
Reef (q.v. Vol. III). The Endeavour^ in the 
middle of the night, ran from deep water on to 
a coral reef and stuck fast. When she was finally 
floated off, she had so large a hole in her side 
that she was only^ust brought safely to shore. 
She took shelter in a bay now called Cook Bay, 
into which runs a river named after the En- 
deavour, The ship was mended at Batavia, but 
•the men were ^ick with dysentery and many hd 
died. And so they sailed westwards to the Cape 
of Good Hope, and then northwards until they 
turned safely into the English Channel and 
ai^chored at the Downs. 

See also Exploration ; Sailino Ships. 

ENGINE (i) Air: see Air^-raft Engines. (2) 
Rail: $ee Locomotive, Steam; Diesel Loco- 
motive; Electric Railways; Gas Turbine 


Locomotive. (3) Road: see Road Transport 
Engines. (4) Ship: see Ship. 

ENGINE-DJIIVER, see Railwaymen. 

ENGINE-SHEDS, RAILWAY. For main- 
tenance purposes, all locomotives are*attached 
to specific depots, known as engine-sheds or 
running-sheds. The general princij)le is that 
each steam locomotive shall spend some hours 
of its working day at the shed for examination, 
boiler washing-out, coaling, and wateiing, and 
any necessary repairs. Ejigines working to 
schedules which take them away from their 
home sheds for over 18 hours or so — especially 
express engines on long non-stop runs — receive 
this attention at the shed nearest the farther end 
of their day’s run, returning to their home shed 
on the following day or later. The laiger sheds 
may house up to 100 locomotives 01 more, and 
are responsible for all the locomotives in an aiea, 
vxhich may include a number of smallei sul)- 
sheds under the control of the main shed. Close 
to all modern sheds arc laige automatic coaling 
plants, and arrangements for disposing quickly 
of ashes- all designed to reduce <0 the ininirnum 
the ‘idle’ time spent at the shed by each loco- 
motive. 

Running-sheds in generaUare of two types 
I’here arc ‘round’ sheds, circular in design, with 
a central turn-table from which all the engine 
roads radiate; this tyT>e of shed requires the 
most spat and is the most costly to build, but 
is the sini]^ * st to work, bccau:»e of tlie ease with 
which engines can be got from any track on to 
the turn table and out of the shed to begin a turn 
of duty. The more common type of shed, how^- 
ever, is rectangular, with a number of parallel 
tracks. The engine roads in the shed are all 
provided with deep inspection pits, to enable 
fitters and engine-crews to get under the engine 
for the inspection of the motion. Numerous 
hydrants are provided for the washing-out ol 
boilers. The h rger sheds arc provided with 
well-equipped machine shops, suitable for 
carrying out all running rcpaiis — as distinct 
from the major overhauls and reboilerings for 
which each locomotive must go at regular 
intervals to one of the main locomotive building 
works. 

Among other equipment at the large sheds 
are ‘wheel-drops’, which make it possible by 
hydraulic power to release the wheels from 
under the locomotive, and wheel lathes for the 



ENGINE-SHEDS, RAILWAY 


138 





THE RdUND HOUSn, DERBY 

TliP lines converge towards the turn-table In tlie centre 
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turning of worn tyres to their correct profile. 
Boilt'is are re-tubed as necessary, and rnucli 
other repair work is carried out. Inspection 
extends to the inside of boilers, to ensure that 
the loconiotive is not developing cracked plates 
or other sources of trouble. 

The staff attach\*d to an engine-shed includes 
engine-drivers, firemen, cleaners, boiler- washers, 
fire-droppers, steam-raisers, men to attend to 
coal, sand, and ashes — all of whom are con- 
cerned with the engine working and are under 
a ‘running’ foreman. Then there are examiners, 
fitters, machinists, blacksmiths, boilersmiths, and 
others, under the foreman mechanic. The staff 
is completed by storesmen, lampmcn, toolmen, 
and ‘cnllers-up’ (whose duty it is to go the round 
of the houses at which the engine-crews live 
and to ensure that they are on time for duly). 
As a rule a locomotive bears .somewhere on ii 
either the name or the reference number of its 
home shed. 

See also Lot omoiivis, Steam. 

• 

ENGLISH LANGUAGE. I’he history of the 
English language begins wfith the conquest of 
England by the Angles, Saxons, and Jutes in 
the 5th century. These tribes probably came 
from the region of southern Denmark and the 
Frisian coast, bringing with them the language 
that we now call Old English, which is closely 
related to the dialects still spoken in Friesland, 


and, less closely, to Danish, Swedisli, and 
Norwegian (rcc (Iermanic Langit/vCiI s). It wvis 
an inflected language, that is to Sriy, relations 
between Vords were expressed in Old English 
by endings showing ca.se; mood, or tense (see 
Language Structure). In modern English this 
is shown by the order in which they are placed, 
and by the use of prepositions (contrast, for 
c'xample, Old English eallum manriurn with our 
‘to'all men’). The gradual decay of these endings 
is one of the chief changes that have taken place 
in the language since Old English limes. Though 
the proportion of native words in the vocabulary 
has decreased, they remain an indispensable 
part of the language. The kind of changes that 
have taken place c an be seen by coni])aiing the 
form of the Lord’s Pr ayer that we now use vvilli 
an Old English version: ^ 

Faedcr ure, pu pc cart on heofonum, si pin naina 
gchalgod. Tobccume pin rice. Gc'wurjn- 6iri willa on 
corOan swa swa on heofonum. Urne gedaeghwamli- 
can hlaf .syle us to daeg. And forgyf us ure gyltas, swa 
swa we forgyfa ftururn gyltendum. . . 

Old English was essentially a colloquial or 
spoken language. Most documents and manu- 
.scripts written in it were intended to be read 
aloud rather than studied privately, and their 
style often shows the awkwardness,* and the 
sudden changes of tense or subject that arc 
characteristic of casual speech. But by the lime 
of Alfred, when Christianity was firmly estab- 
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4ishcd ifi England, Christian Latin writers had 
been translated, and something like a standard 
literary language was emerging, and by the late 
loth century, the dialect of Wessex was coming 
to b6 recognized all over England as the official 
and- literary language 

Chiistian culture brought a great extension 
in vocabulary Some words were adopted from 
Latin, such as ‘hymn’, ‘priest’, ‘school’, ‘cook’, 
‘to turn’, others were translated from it The 
Scandinavian invaders who settled in the Dane- 
law in the 9tTi and loth centuries, spoke a 
language very like Old English, and influenced 
idiom ihit is, phrases and turns of speech, as 
well as vocabulity Man) of the words they 
introduced — including several relating to law 
fitsdf a Scandinavian woid) and settlement 
[-by, -tJiotpe, -thiiaite, and -toft are Scandinavian 
pi ice-name endings) — were later taken into the 
general language, whilst some survive only in 
Dim re i'' (q ) 

As a resnh Norman Conquest, French 

replaced rnghsh for a time as the language of 


‘ask*, and French mansion, English ‘house’ In 
such cases the older native word sometimes 
disappeared^ except for a time in poetry, but 
more often it remained, so that English ITecame 
particularly rich in synonyms — different woids 
with the same or nearly the same meahing So 
considerable were the French additions to the 
vocabulary, that it later seemed quite natural to 
combine French woids with English affixes, or 
the reverse, for example ‘c ouitship’, from J rc nch 
court and English ‘ship’, ‘foibeaiance’ from 
English ‘forbear’ and the Irench suffix -ance 
Many French phrases were lianslaUci into 
English, such as ‘a good time’, from the Irench 
bon temps 

Certain changes in pronunciation had been 
going on since the i ith century, but the change 
was so gradual that we cannot say exactly 
when C^ld 1 n^^lish iiec mie Mid lie f r lish the 

m ^ 71^ 
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literature Writers who continued to use English 
wrote in their own dialect and with *hcir own 
spelling fiom this limp the old system of in- 
flexions begin to bleak down gradually, many 
of them weikening to -e or es Ihe language 
acquired new pronouns (‘they’, ‘their’, ‘them* 
were taken o\er irenn Scandinavian), nouns and 
pronouns rc is^d to have ‘grammatical’ gender 
(which hid involved classifying many inanimate 
things as m isc uline or feminine, and many 
mini lU be mgs as neuter) , and word-order grew 
more like that of Modern English 

For about 200 years after the Conquest, 
1 lench rc m lined the language of the new ruling 
classes and of the new culture, but the majority 
of Englishmen never learned to speak it Soon 
kings and courtiers, churchmen, and adminis- 
trators learned to use Englrh as well as 1 rcnch 
After 1 :5b2 lawsuits were conducted in English , 
and a writer ajt the end ctf the 14th centurv tells 
us that ‘in all the grammar schools of Engla 1 
children leave French, and construe and learn 
m English, and know no more French than 
their left heel’ 1 rom the middle of the 12th 
v^entury, howe\ci, English itself had steadily 
adopted ^ large part ol the Irench vocabulary, 
particularly terms of art administration, law, 
literature, fashion, and food. Often there was 
already an English word with almost the same 
meaning, for example Frenph demander, English 
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PAC,F FROM ‘t^LNhSlS , A POFM OF ABOUT A D 1000, WRITTEN 
IN OLD ENGLISH AND AT ONP 1 IMF ATTRIBUTED TO CAEDMON 
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AtAAao, iiiTT fitotiw 
iBcT7<)ii!ef ttt one^ fumot^VAU-. 
iiWttweg^t^e'^ctc ^ 
^olds'^tvco'otle- *> 

ftdtici ftt3^. 
/flrum lAVtlC'lbfcc't Ut^ dtti^0;. 

' ajlit^ oj^’ fWdi. 

lee* Jjd.C'SKicltf' tn ob V^rdl . 

K tt6 oj;ii8f attt«: 

T^lu^^^ l>utvo6o|»tvf fougc; 

Ju T^otic- pl4v^ui0^6CkJi('e<iiv»tt8e; 

jt-Jiii Colltge , Oxford 

pAcr FRO\f ‘riir owi. and thi Nir.iniNciAi r ’, a middif 
ENGLISH POLM, EARLY 1 3 TH CFNTURY 

A literal rendering reads: 

I was in a certain valley 
In a very hiclden corner; 

I heard holding a great debate 
An owl and a nightingale. 

That debate was stiff and severe and strong, 
Sometimes soft and loud at intervals, 

And each against the other raged 
And let that evil mood all out; 

And each said of the other’s character 
The very worst that she could, 

And especially tif the other’s song 
They held debate very strongly. 

language spoken in the first 400 years after the 
Conquest, or when Middle English became 
Modern English. We know that by the 15th 
century most of the inflexions that had survived 
in one form or another in the Middle English 
period had been lost, and that by the i6th 
century many vowels had a pronunciation some- 
thing like that which we now give them. On 
the other hand, some characteristic features 
of Modern English, for example, the possessive 
neuter pronoun ‘its’, the emphatic use of ‘do’ 
and ‘did’, and the distinction between the 
present and present continuous tenses (I eat, 
I am eating), did not exist or were rare before 
the 17th century. 

The invention of the printing press, the spread 
of education, and the growth of the conception 
of Standard English (q.v.) helped to stabilize 
grammar and spelling. And whilst these things 
were happening, the English vocabulary was 
being greatly enriched, not only from Latin 
and French sources, but also from other lan- 
guages with which the English had been brought 


into touch by trade contacts. Thus -English, 
now seemed fully equipped to be the language 
of poetry, philosophy, science, and the church ; 
and a new-born nationalism produced many 
writers prepared to defend its fitness fbr these 
subjects. Some, however, ran to excess in their 
attempts to adopt ponderous Latin words, Latin 
idiom, and Latin sentence-structure; and many 
writers invented new words simply for the sake 
of novelty. <*Even as late as the beginning of the 
1 8th century there were some scholars and poets 
who, like Pope, doubted whether their works 
could reach permanent fame if written in 
English. 

In the 1 6th century the colloquial language, 
too, developed great freedom and flexibility, 
which is partly reflected in Elizabethan Drama 
(q.v. Vol. XII) (the language of the stage 
usually being close to current speech). Shake* 
speare’s plays, for example, abound in phrases 
illustrating how one part of speech could be 
given the function of almost any other part- 
‘But me no buts’, ‘Lord Angelo dukes it well’, 
‘strangcr’d with an oath’, and so on. 

The development of scientific thought in the 
late 17th century after the Restoration led to 
new standards of preefsion in the written lan- 
guage and to the growth of scientific' vocabulary 
— it is at this period that words like ‘cliemistry’, 
‘electricity’, ‘impulse’, ‘consciousness’ came 
into use. The connexion of the Court with 
France, and the prestige of French literature* 
arc reflected in the additions now made tcj the 
vocabulary of art, literature, and social life; 
whilst in the i8th century, to match the modern 
system of trade and commerce, came words like 
‘banking’, ‘currency’, ‘finance’, and ‘capitalist’. 
Until well into the 20th century, however, 
colloquial English, even that of fashionable 
society, was by no means rigid in grammar or 
pronunciation, and used slang words and phrases 
(for example, ‘phizz’, for physiognomy). But 
writers such as Dryden and Swift thought such 
words were allowed too easy an 'entrance, and 
proposed an Academy on the French model 
which they hoppd might ‘regulate’ grammar and 
vocabulary. The proposal, however, came to 
nothing. The growth of the middle classes in 
the 18th century stimulated afresh the desire for 
‘correctness’. In 1755 appeared Dr. 'Johnson’s 
Dictionary^ in which meaning is illustrated by 
examples from ‘the best writers’; and later came 
dictionaries indicating correct pronunciation. 



•Eriglrsl^ began to be thought of as 

a subject worth study in itself; grammars were 
published and ran into numerous editions. 
These l^id clown rules to be followed in writing 
English; but they rarely allowed alternatives, 
or pecognixed the importance of current usage 
as opposed to logical rule, and so they tended 
to widen the 'gap be.tween the spoken and the 
written language. This gap became all the more 
noticeable because by the mid- 1 3th century 
verse and prose were being written in carefully 
balanced phrases and in a Latinized st>lt which, 
ill the hands of its less skilled practitioners, 
became vague and pompous. Wordsworth’s plea 
for simplicity in language, and the revival of old 
\vords Ibstcrcd by Coleridge and Scott, helped 
to adjust the balance. 

In the last hundred years commercial, im- 
perial, and scientific expansion, contact with 
new cultures (including that of America), the 
growth of advertisement (which has enabled 
trade name , as kndal ^ to come into the 

language), the influence of journalists using new 
and arresting words— all these have enlarged 
the voca]:>ulary of the average Englishman, 
whilst old words su<^li ‘broadcast’ (originally 
applied mainly to tiie sowing of seeds) have 
taken on new meanings. Foreign words arc 
continually being adopted; and, in turn, many 
Euroj)can and even some Asiatic languages have 
borrowed English words — notably words relat- 
ing to sport and politics; Russian, for example 
has taken ‘boycott’, ‘parliament’, ‘yacht-club’. 

Since the i8th century large towais have be- 
come the centres of most of English industry, 
and have increa.sed enormously in population, 
drawing people from many difieient areas. 
Dialects have accordingly declined, being slow'ly 
replaced by a modified lorm of standard English 
During the 2()th century English has strength- 
ened its posit jon as a world language; but both 
its written and, still more, its spoken forms vary 
throughout the world.. An educated Indian, 
lor example, may write a clear and grammatit 
English ^tylc, yet may sometimes show slight 
difi’erenccs from that of an English writer. In 
Creat Britain itself, the spread of education has 
produced a literate public; but much that this 
public re^ds in books, magazines, or newspapers 
is wTitten in a style lackin'^ either elegance or 
f precision — for the very richness of the English 
vocabulary sometimes leads to careless, inexact 
use The English spoken«in America differs 
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considerably from standard English; it has 
differences in intonation; it retains some pro- 
nunciations and usages now obsolete in England, 
such as ‘gotten’, ‘mad’ in the sense of ‘?ingr> ’, 
and ‘fair for ‘autumn’; and has others of native 
growth, some peculiar to particular* parts of < 
the country; its slang — vivid, if short-lived —is 
spread throughout the English-speaking world 
by the films and books. The habits of colloquial 
speech seem to influence the written language 
more quickly in America than in England 
{see American English.) Dilferenccs of vocabu- 
lary arc so extensive that a large dictionary has 
been produced in several volumes. Canadian 
usage is inevitably affected by American; and 
the other Dominions have their own speech- 
peculiarities, tlicir own Slanc; (q.v.), and words 
and meanings not found in England; but it is 
scarcely likely that as a whole they v\ill diverge 
very much from the mutlier-tongue. 

See also I.anuijagl, Htsiory or; 1 ni>o-Jairopi \n 

ERSE, see Irish LANouAcih. 

ESPERANTO, see Inierna’iional 1,an(.i \(,is. 

EXPLORATION. I’rom the earli(‘sl times men 
have travelled in seaich of new lands or of new 
routes to lands already known. They have set 
out from different centres; but the history of 
exploration describes especially the geographical 
discoveries by w'hich the peoples of the Mediter- 
ranean ij^ m and western Europe have enlarged 
the limits ^ their know n world and filled in its 
details. \\ hile men of many races have asked 
the quc.tion, ‘What are other lands and peoples 
like?’ Europeans were the first to invent methcKls 
of observing and recording by which they could 
build their discoveries into an orderly system 
of geographical knowledge. The history of ex- 
jiloration tells of European expansion In sea 
and land, and the growth of the world map 
show's the geographical horizon widening from 
the Mediterran an to all parts of the cai tli. 

Almost every human activity has created 
motives for exploration. The oldest and most 
permanent is economic necessity. When the 
population of a community increases or the 
natural resources of its homeland shrink, fresh 
and unexhausted territory must be sought. A 
nation that develops new and greater powers of 
production must find markets for its goods and 
raw materials for its industries; rivalry in trade 
drives merchants farther afield in search of 
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I rom a drawing h) John White. It may liave been drawn 
on one ol 1 iobij>hfi \ expeditions in seart h of a North West 
passage, 137 b 8 

these. Curiosit) , the impulse to see what lies 
*on the other side ol the hill’, has always been 
a spur to discovery. Captain Cook wrote of ‘the 
pleasure which naturally^ results to a man from 
being the first discoverer, even was it nothing 
more than sand and shoals’ and of his ‘ambi- 
tion not only to go fat ther than anyone had been 
before, but as far as it was possible for man to 
go’. To Cook and to many European travellers, 
a task seemed the more worth while for its 
difficulty and for the satisfaction of ‘beating a 
record’. To the pursuit of personal fame may 
be added national ambition, the desire of a 
people to spiead its own social organization, 
political ideas, and especially its religious beliefs 
in distant lands. Richard Hakluyt, the great 
Elizabethan geograi)her, wrote in order to ‘com- 
mend our nation for their high courage and 
singular activity in the search and discovery of’ 
the most unknown quarters of the world’. 

An explorer’s reach is limited by his geo- 
graphical ideas and by his ccpiipment. In 
reading the stories of early travellers it is neces- 
sary to realize what stock of knowledge they 
carried. In the Middle Ages men thought that 
the equatorial zone was too hot to support life, 


and this belief barred soumerly exp'toi ation* 
until the Portuguese coasted Africa in the 15th 
century. Only because Magellan knew the 
earth to be spherical and its approximate size, 
could he attempt to sail round it. Incorrect 
ideas of the earth’s diameter and the laci^ of 
instruments to determine longitude hindered 
many early explorers from making discoveries 
or from placing them accurately on the map. 
Columbus, ' for instance, always believed that 
he had found, not a new continent, but the 
east coast of Asia; and the Solomon Islands, 
discovered by the Spaniards in 1568, w'ere 
searched for in vain by later Europeans for 
200 years because their longitude was wrongly 
plotted. In the days of sail, ignorance of pre- 
vailing winds and currents often deflected ships 
from their intended course; it was not until Cook 
in 1772-5 sailed in an easterly direction over 
the South Pacific, with its ‘brave west winds’, 
that the imaginary Southern Continent, sup- 
posed to lie across this ocean, could be removed 
from the charts. 

In order to reach his destination and to rctui n 
safely home, the traveller must be able to fix 
(and record) his positio.n -and to follow a chosen 
route or course, llis success depends on his 
mobility by land, or the qualities of his ship 
by sea; on his instruments and methods ol 
navigation; and on the preservation of his 
health. Technical improvement^ in these thiee 
matters mark stages in the history ol exploia- 
tion, especially by sea. The introduction of the 
magnetic Compass (q.v.), perhaps in the 12th 
century, enabled mariners to navigate out of 
sight of land and to draw more serviceable 
Charts (q.v.). When the 15th-century seamen 
crossed the Equator and lost sight of the Pole 
Star below the horizon, astronomers provided 
tables for calculating latitude from the height 
of the Sun at noon. The first chart of magnetic 
variation appeared in 1702; and soon after this 
a truer estimate of the earth’s size and shape 
was made. The baffling problem of longitude, 
hitherto roughly found by ‘dead reckoning’, was 
solved in the middle of the i8th century, when 
an accurate Chronometer (q.v.) w^as produced 
by John Harrison and the Nautical Almanac 
issued for the first time. Scurvy, t^ie sailor’s 
greatest eaemy, was gradually conquered by 
hygiene, diet, and good discipline; Cook, the 
hero of this victory, lost not a man from scurvy 
on his second voyage round the world lasting 


century the steamship 
revolutionized sea travel. The 20th century has 
seen the internal-combustion engine applied to 
travel l^y land and sea and in the air, and wire- 
less used to give the navigator his position and 
course. These and many other inventions enable 
the modern explorer to penetrate farther and 
with better hope of Return than his forerunners 
(see Navigation, Marjnk). Essentially, his task 
still calls for the same qualities of resolution, 
endurance, and skill as theirs. 

The story of exploration begins in the eastern 
Mediterranean. Trade led the Phoknicians 
(q.v. Vol. 1 ) through the Straits of Gibraltar, 
and about 500 b.g. Carthaginian ships explored 
the Atlantic coasts from Ireland almost to the 
Equator. Pytheas, a ( 5 rcek captain of Marseilles, 
sailed round Britain about 300 b.o. ; and the 
eoncjucsts of Gaul and Britain made north-west 
Europe known to the Romans. 

In the east Alexander the Great led his Greek 
army to Lida* .c.), and Greeks and 

Romans discovered the trade routes from the 
Red Sea to India, first coastwdse and later by 
the open sea with the monsoons. By the time 
of the geographe’^ Ptolemy (a.d. 150), Roman 
merchants were navigating the shores of the 
Indian Ocean from Zanzibar to Malaya and 
trading with China by both land and sea. 

Except for Arabs this traffic ceased during 
the Dark Ages, and eastern Asia was unknown 
10 Europeans until the great Venetian travc Ik'", 
Marco Polo, readied China by land in 1271, 
returning in 1293 with his report of the glory 
and wealth of ‘Cathay’. But the land wL-ys to 
tlie East were .soon blocked by tlu Turks, and 
a new sea route had to be found. In search 
of this, Prince Henry of Portugal (called ‘the 
xNavigator’) sent expeditions south along the 
African coast in the 15th century. Diogo Ciio 
reached the Congo; Barth domew Diaz rounded 
the Cape of Good Hope in 1488; and in 1497-9 
Vasco da Gama sailed J:o India. 

Meanwhile, the study of Ptolemy’s writ i;s 
Iiad suggested that Cathay could be reached by 
sailing westwar^^ from Europe. The discovery 
of America (a.d. 1002) by the Norseman Leif 
Faicsson from Greenland had long been for- 
gotten, iyid Christopher Columbus, sailing west 
in the Santa Maria (q.’ from Spain in 1492, 

^ found land (in the Bahamas), which he believed 
to be Cathay, or ‘the Indies’. A few years 
later John Cabot, in a Bristol ship, reached the 
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North American coast, and further voyages by 
Spaniards, English, and French showed that a 
great land mass, a ‘new world’, lay across the 
westward ocean route to Asia. The Spaniard 
Balboa was the first European to see the Pacifii' 
Ocean or ‘South Sea’. Many attcifipts wert'^ 
made to find a sea passage through or round the 
American continent, and in 1519 Magellan led 
a ^anisli squadron through his Strait into the 
Pacific; the Victoria^ the only surviving shij), com- 
pleted the first voyage round the w^orld in 1522. 

Spain and Portugal divided the newly found 
lands in the vve.st and the east. Spanish con- 
querors, converting the Indians and winning 
treasure from the gold and silver mines, founded 
a colonial empire in south and central America, 
to which their galleons carried the wares of llie 
Far East across the North Pacific. I’he Portu- 
guese, sailing by the Ckape of Good Hope and 
their fortified bases in the Indian Ocean, 
developed the rich spice trade of tlie Mala\ 
Archipelago and reiiched China and Jaj)an. 
Gut off from the commerce of the East, English 
and Dutch seamen (Chancellor, Frobisher, 
Davis, Hudson, Barents) sought channels into 
the Pacific to the north of America and Asia- 
the North-west and North-east Passages. When 
they failed to make their wa^ through these icc - 
bound waters, they turned to the southern sea 
routes. In 1577' 80 Francis Drake, in the 
Goldf.n Hind (q.v.), defied the claims oi' Spain 
and I O’ igal by passing through the Magellan 
Strait a J sailing across the Pacific to the 
Philippines and the ‘Spice Islands’ (Moluccas). 
'Phis was the second voyage round the world; 
another Englishman, I’homas Cavendish, made 
the third (1586-8), and Dutchmen the next two 
In 1616 the passage into the Paci.fic by Cape 
Horn was discovered. 

A more serious challenge to Spanish and 
Portuguese control of eastern trade was made 
on the Cape of Good Hope route. In 1592 the 
East Indies v ere reached by an English ship, 
in 1596 by a Dutch squadron; and within 10 
years England and Holland each had its East 
India Company. The Dutch drove the Portu- 
guese from their trading stations, and by 1650 
had founded a commercial empire with its 
capital at Batavia (Jakarta), in Java. Their pilots 
discovered the north coast of Australia and part of 
its west and south coasts, and in 1642-3 Abel 
Tasman made a great voyage from Batavia. By 
sailing round Australia he proved that it was an 
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I(e Islands’ lioin Crook’s Voyage toward^Vie South J*ole. 


hslaiid, although iu* did not see its east coast ; and 
he discovered I’asfnania and New Zealand. 

To the east of New Zealand the South Pacific 
Ocean was unknown, and it was thought that 
a vast inhabited ‘Southern Continent’ occupied 
this area. Its exploration from the east was frus- 
trated by contrary winds and by the enormous 
death-rate from scurvy on long voyages without 
fresh food. In the late i8th century the British 
sent expeditions to the Pacific, under Byron, 
Wallis, Carteret, and James Cook, all of whom 
sailed round the world; only Cook's last two 
voyages were made in an easterly diiection. 
Captain Cook, on his three circumnavigations 
in H.M.S, Endeavour (q.v.) (17G8-71) and 
H.M.S. Resolution (1772-5 and 1776 80), re- 
vealed a larger area of the globe than any other 
man has done. New Zealand was charted, and 
the cast coast of Australia discovered; the 
existence of the Southern Continent was dis- 
proved, and the chief Pacific island groups were 
discovered or exploicd; the Ani arctic Circle 
was crossed for the first time, and a latitude of 
71° S. reached, in ice conditions of terrible 
difficulty; the north-west coast of America was 
explored, and the strait between Asia and 


Alaska navigated as far as 70° N., within the 
Arctic Circle. This great achievement cost very 
few casualties from scurvy. 

After Cook the work of exploration gatheied 
impetus, and its character changed. There 
were still large blanks on the map of the world: 
the interior of Africa and Australia, and tlic Polar 
Regions. Most of the world’s coasts w^erc 
known, but few were properly charted. Within 
•30 years of Cook’s death Australia had been 
settled; its coasts were surveyed by Matthew 
Flinders; and inland exploration had begun. 
Canada was crossed by lapd by Alexander 
Mackenzie (1793), and the United States by 
Captains Lewis and Clark (1804-6). The 
courses of the great African rivers were mapped; 
Mungo Park explored -the Niger-( 1795-7 and 
1805), Captains Speke and Grant traced the 
Nile (1860-3), H'. M. Stanley the Congo 

(1874-7). David Livingstone, the greatest of 
African explorers, revealed a large part of 
Central Africa on his missionary travels between 
1849 and 1873. The Arctic channels /rom the 
Atlantic to the Pacific were again attempted 
and, after many failures, navigated — the North- 
east Passage by the Swede A. E. Nordenskiold 
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and^c "*lgrth-west Passage by the 
Norwegian Ariundsen (i 903-6). The North- 
wcsyPassaop was first made in an easterly direr- 
Uon)n.ig4^2 by Inspector I.arsen of tiie Royal 
Canadian Mounted Police. Jlie exploration of 
the 'Polp,r ISlHjy^escribed in a separate article 
{see Polar Regi 5 ^ Exploration, Vol. III). 

For many centu^ the story of exploration 
tells of men setting d*Kt^n foot or in small iP- 
found sailing-ships, not knowing the dangers 
they would n^et nor their chances of siiivival 
and return. The modern explorer is liot only 
lar better equipped; liis tasks and the spiiit 
which he brings to them have chang(‘d also. 
Few new discoveries remain to he made. I’rade 
routes, precious metals, and colonies aie no 
longer the only objectives. The passion for 
complete and exact knowledge is the sliongcst 
motive in modern exploration, of which Cap- 
tain Cook v\^as the true forerunner. When tin* 
pioneer has done his work, the map-maker and 
the specialioL-CApiorer begin theirs. A model n 
geographer has said: ‘The woild is discoveicd, 
but I doubt whether a hundredth part of the 
land surface of the globe issniveyed iii sufllcient 
detail for modern requii^ments.’ Yet the liistorv 
of older and of recent exploration tell the same 
tale, whi( h has no end. It is the tale of man in 
contact with nature. 

The lives of the great exploreis mentioned in 
this article arc described in \"olumc V. 

Sec also Sailinu Siiii’s; Sea Travti ; Chau 
Maps, IIisiory of; Map pRojr chons; Trade Rouiis. 

SfC also Vol. Ill : Polar Kfoions. 

EXPLORATION, SCHOOL. Tlie British 
(formerly Public) Schools Exploiation ScK'iety 
was founded in 1932 by Siiigeon-Cornmandei 
Ci. Murray Levick, R.N., a member of (iaptain 
Si ott’s last Antarctic expedition. It takes boys ol 
iibout iG to ^8 years old to uninhabited countiy 
(including such places as I.apland, and Canada) 
in the summijr holidays,, and there teaches them 
tlie technique of exploration. The boys ha 
to carry *all their equipment and fend for them- 
selves in the wilds. They cany out scientific 
study of the weather, rocks, natural history, 
and radio conditions of their district. Above all 
they undertake surveys {see Surveying, Vol. 
VIII), mapping hitherto unmapped country. 
Records are kept of the type and quantity of 
food needed under varying conditions. 


EXPRESS LETTER. The Post Office in 
Britain offers many special services which 
hasten the transmission of a letter or parcel, and 
similar services aie provided in other co iiitries. 
Express services were very important in the 
past, though now that the telephone is so gener- 
ally used, they have become less so. A special 
fee has to be paid, usually by the scndci, which 
varjes with each service. 

A packet may be handed over ihe counter of 
a post oflicc and taken all the w'ay to its destina- 
tion by a post office messenger. In 1950 this 
cost Gd. a mile, with extra fees for more than 
one packet. Live animals, liquids, money, or 
even people may be sent in this way. 

Packets which go through the ])ost in the 
normal way may be taken specially quickly 
from the delivery office either at the sender’.s 
request (shown by w^riting ‘Express’ on them) 
or at tlie reipicst of the person to whom they 
arc being sent. I'here is a service of ‘Special 
Delivery on Sundays’, which is only available 
betw'een important cities, and which deals with 
leticrs only. Messages may be telephoned to an 
express delivery office, and delivered by special 
messenger. 

Another quick way of sending things is the 
‘Railex’ service. Postal packets are dis])atched 
by rail, met at the nearest station to their 
destination, and speciall) delivered an)^vliere in 
(Jrcat Britain. A ‘railway parcel’ is hurried up 
in the ' WTiy. 

A Iclte. aken to the paicel or booking-offitf' 
of most railway stations will be sent off by the* 
next tiaiii. When it arrives at the station to 
which it IS addressed, it will be posted in tlie 
nearest letter-box, unless it is marked ‘to be 
called for’. It is also possible to wiie for it to 
he delivered quickly by one of the servii i s 
already described. 

By the International Express service, letters can 
be delivered by special mes.senger abroad. A 
minimum fee ' paid by the sender, and an> 
lurlher charge by the person to whom the 
packet is sent. 

See also iN)si ( )ih(T,. 

EXPRESS TRAINS, see Blue Train; Cornish 
Riviera; Flying Scotsman; Golden Arrow; 
Twentieth Century Limiied; Railway 
Coaches. 
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FELUCCA. This was thr name given in the 
1 8th century the Jong, low, Afediterri lean 
gallcy-liJce craft, which could be easily row^d 
but were generally sailed, and because of their 
length w’ere rigged with tw^o or three masts 
carrying lateen sails. The larger feluccas might 
have square sails on the foremast. The type was 
coinmcni all over the Mediterranean and round 
the Straits of Gibraltar. Feluccas were handled 
by Spaniards, and were also popular with the 
Greek pirates amongst the islands of the Archi- 
pelago. To-day the term covers all types of 
small sailing-craft rigged with lateens or lug- 
sails, and used for fishing and other purposes 
w^hich do not takc*them far out of sight of land. 



In the eastern Mediterranean retoca 
all the smaller local sailing-craf\ parlicuhyly 
those working out of* Port Said anc^Alcxaryvlria 
in Egypt. 

See also Sailing; Sailing Ships. 

\ 

FERRY, see Ford and Ferc *. 

FERRY, TRAIN. \Vlv'i^ a watei-way is too 
wide and deep to be bridged, railways on both 
sides can be linked by tiain-len ies sti'ainers 01 
motor-driven vessels on whose decks lailw.n 
tracks are laid. A train-load of totiches 01 
wagons is run on to the deck at one haiboin, 
and run ashore on reaching tin* odicr. 'I’he rise 
and fall of the tide must be allowed for. A 
hinged bridge may he used, uj) which the rolling 
stock is propelled on to the Jerry at high tide, 
and down at low tide; or the I'erry-steanier may 
be docked in an enclosed dock, ] 3 roteeted by 
lock-gates, within wdiich the steamer can be 
brought level with the land. 

The larger fcrry-steamcis usually contain, on 
an enclosed middle deck, l()ur railway tiacks 
converging towards the Ixiw ol th(‘ vessel. I'lie 
vehicles pass on to thv biidge coi meeting the 
steamer with the shore tuuks through a kiigt* 
opening in the bow’. 1 he steamers ha\e then 
engine-rooms below the track lcv(*l, and their 
lunnels on one side, like an airei alt-eai 1 iei , 01 
on both. Some of the \^f‘ssels which eaii\ j)assen- 
ger trains have tonilortablc cabin and saloon 
accommodation lor passcngeis who do not wish 
to rcanain in th(‘ir c oaches during the ciossing. 

'Fhe only British passenger train-fcaiN is tint 
which connects Dover with Dunkirk in fiaiue. 
By this means it is possible to run the ‘Xiglit 
Ferry’ sleeping-car service betu'een London and 
Paris, and passengers arc caiiied in theii 
sleeping-berths across the Ghannel without 
changing. For freight traffic there; is i\\c tiain- 
ferry between llaiavich and /('cbrugge in Bel- 
gium. Time is saved by feriying Ji eight in this 
w’ay; with perishable^ goods no time is lost in 
transferring them from tiain to steafner and 
fiom steamer back to train. Fragile goods 
benefit equally because they can icmain in the 
wagons as originally packed, with much less lisk 
of breakage. 

In Europe the best-known train-ferry services 
arc those ccnnecting the Scandinavian countries ^ 
across the Baltic and neighbouring waters. Of 
these, the principal, ones ply between Sassnitz 
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httlish liatlii 


no\FR DUNKIRK rR\IN-llRRY IN DO\tR DOCKS 
1 h( ('fRiiiiig tliruugh winch the trains lun on to tlir lcii> can be seen on Mie left 


in Gt rmaiiv and Jidlrhoi^ in Suedtn, \\atnr- 
inundf in Ci(iinin\ <ind (jjcdsci in Dtninaik, 
Clopdilin^en in Ddiinaik and in 

Sufddi, and ac )ss the (juat BfU on the 
Danish loutt ii m Jutland to Copdihiqtn 
Two othci Danish fem -CK'ssintJs — the I itth 
Belt on (lie Julland Gopt nhat;! n loute, and the 
Stoi Strom on tin (rjedsei Ciopdihat^en line — 
have been ujilaced m lecent \ears by ven laiqe 
bi idg( s 

In the United States there are numdou^ 
v\agon Idiies in New Voik flaifjoin and atioss 
the gic U ri\ds sue h as the JVIissis ])pi, b a, as 
tlsewlieie, with the de \ t lojniH nt of laiee s( ib 
bi idge-building tdlinique, the ttnddK\ is to 
leplate the lei lies ]>) peimanent bridges 
Sec also BuiDca s, Raii wa^ 

FIDO, su Airport. 

' • 

FIGURES, see CoiNiiNe., ^ls^oR^ 
Mlasurtmeni, 11isior\ oi 

FINNISH AND ALLIED LANGUAGES. 

ITnnish, Lstonian, Hiniganan, and Lapp'sli die 
related as a ‘family’ of languages, and must have 
descended fiom one common language long ago 
They are all membeis of tt'r Uialian family, and 
languages of this family are spoken by many 
different peoples ranging from Hungary, Fin- 
land, and Lapp regions of northern Scandinavia 


and Russia in Luiojie, to pai ts of Sibtiia in 
So\i(t Asia T Ikv diflei in ( onsti ut lion a gnat 
dc il lioni moie width spoken languages, such 
as Lnglish In I nglish, loi txample, wf ofttn 
( li mge the vow (I in a word to (\jness t.nam- 
niatical difltitncts, such as»the tense of a vtib 
( IS in ‘sing’, \ang , ‘sung ) , v\h( le is in L i alian, 
gi iinniatK .d dilkitntt* is often expit sst d by 
changing the tonsoiMiit, thus 1 innish suku 
pate nUive siaiin In 1 innish, the noun not 
only ha lany cases, but is also ronpigaUd, that 
IS, it changes according to iht first stcond, oi 
thud pcison in giainiiiai, as oui verbs do kuja 
‘book’, tnja~s\(i ‘in a book', kiija-sm-ni ‘in ni\ 
book’ In 1 innish, too, thcie aie main \cibal 
nouns and ad)( discs which, tc^gether with the 
chill lent loinis of the noun, lead to vciy coni- 
j)l(\ woids, such as sarwa-k ‘that thou 
mighU'st sa\’ (the infinitive of sanoa — ‘to say’, 
111 the second person singular, in the ‘translative 
I ise’) {Sit at ) LvNca \ca , Sjrii iuri ^ 

riit most inipoitant of the Uialian languages 
belong to the sub-lamily called the f inno- 
l giian blanch, which includes Hunganan, 
1 innish, Lstonian, and Lappish, as v\ell as some 
oihci l.mguages spoken in Russia Hunganan, 
1 mnish, and Estonian all have huge liteiatuies 
which date fiom medieval times. Hungarian, 
the language of about pj million people m 
I lungary, is spoken also in Tiansylvania and th«“ 
Bukovina. Finnish and Estonian aie closeD 



FINNISH AND ALLIED LANGUAGES 

related. Finnisli is spoken by about 3 million 
people in Finland or more than three-quarters 
of the population. Estonian is spoken by about 
1 ,500,cfoo people in Estonia and parts of Latvia. 
Lappish is the language of the Lapps who num- 
• ber nearly 32,000, and who inhabit the northern- 
most part of Norway, Sweden, and Finland, and 
the Kola peninsula in extreme north-west 
Russia. 

Besides the Finno-Ugrian group, the Uralian 
family includes the Samoyede languages, wliicli 
are spoken only by tlie 18,000 Sainoyedes of 
north-east European Russia and north-west 
Siberia. 

See also Lan(;uage, History of. 

See also Vol. I : Finns; Estonians; Hungarians; Lapps. 

FLAGS. 1. History. A flag or standard is a 
symbol of a group. Early standards came into 
l)eing to identify a tribe, a regiment, or a town. 
From ancient days they were treated with great 
respect; some were held to be of religious 
significance, and in war, the standard was a 
rallying point for the armies. 

I'he standards of the ancient Egyptian and 
Assyrian armies were carved objects rather than 
cloth flags, though their navies displa>’cd sym- 
bols embroidered (!ln the sails of ships. Among 
the Greeks, the first standard was a piece of 
armour carried on a spear; later, many of the 
cities adopted their special emblems. The 
Romans used many carved standards and cloth 
flags; there was a standard-bearer attached to 
each ‘century’ (a unit of about 120 foot soldiers) ; 
the cavalry carried cloth flags; a legion (a unit 
of several thousand warriors) followed a bronze 
standard in the shape of the famous Roman 
eagle. 

In later times flags came to be decorated 
w ith Christian symbols, such as the cross of St. 
George. By the 13th century, in the principal 
Christian countries of Europe, flags had become 
involved in the complicated customs and rules 
of Heraldry (q.v.). 

The chief flag was then called the Standard. 
It is represented to-day by the rectangular 
Royal Standard, which is hoisted over the king's 
residence, and at naval and military ceremonies 
which he attends as head of the forces. By the 
15th century the standard had grown long and 
tapering in shape, with its end forked. Its size 
depended on the importance of its owner. An 
upright line divided it into two parts, that nearer 


the stall' bearing the cross c^bt. 'A:>^org(r,'‘ WhiV* 
the owner’s coat-of-arms filled uK the res t.^ It 
was not intended to be carried intoVhe thiAc of 
battle (since it might be as long as rb yarns, i; 
was not easily ' carried), but elsewhere it was 
displayed wherever the owi^er , k*I]ppcned to 
l)e — outside his tent near, liie battlefield or 
tournament ground, or ov/r his castle when he 
was in residence. The o}d standard is not usctl 
to-day. 

I'he Banner was tlie personal flag or ensign 
(another^ word for a flag) carried by a knight - 
banneret and persons of higher rank. (A knight- 
banneret, an honour which could be conferred 
only on the battlefield, was one degree highci 
in rank tlian an ordinary knight.) The banner, 
which bore the heraldic coat-of-arms of its 
owner, just as it appeared on his shield, was 
r(‘ctangular. As with the standard, its size 
depended on rank. The banner had begun as 
a flag of’ battle in the days when noblemen had 
to furnish the king with men and arms in war 
time. A baron's personal troop would follow his 
personal banner and nobody clsc’s. Strictly 
speaking, • the Royal Standard just mentioiuTl 
is derived from the banner- and not from the 
standard of the 15th and iGth centuries, for it 
bears the arms of the king without the national 
flag. Althougli it serves the purpose of the old 
standard, by showing the king’s whereabouts, 
it is by nature the king’s personal battle-flag. 

The Pennon was a personal ensign, carried b)' 
a plain knight, who did not rank high enough 
for a banner. It did not compare with the 
banner for size, because it was designed to lie 
borne on the end of a lance. It was eithi'i 
pointed, or forked like a swallow-tail, and the 
coat-of-arms was embroidered so that it ap- 
peared right way up when the lance was held 
horizontally (or ‘couched’) ready for action. 

The Pcnnoncel or Pensel was a .small version 
of the pennon. Later it came to be the distinc- 
tive ensign carried only by esquires who attended 
upon knights. It was mainly shown on cere- 
monial occasions, such as weddings and funerals. 

I'he Guidon was a simpler form of the stan- 
dard. It was generally shorter, the end was 
rounded rather than forked, and it did not bear 
the national St. George’s cross. Nor c^id it bear 
the full coat-of-arms, but only the owner’s 
heraldic crest or badge (see Heraldry). It was' 
carried by the leader of a cavalry troop. 

The Streamer waj» a naval flag, which might 
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visii oi riivRiT*;!! lo niL FI LP r •^ihjuni 1672 

Painlii l)v \\ ill am \an (Jc V^rldf lh( vounRcr 1 ht Kin-r n f i d 111 tlu A ill (on ul, 1 t ShillKsil J k 1 

Adnn lt\ I liq St md u 1 I lu^ 11 1 nsii?n '^n 1 Sik irru rs 


br up to bo yaids lone: It tipeird lik( tin 
si iiidiid, duel the end was loikcd • I ik# th( 
t!;indon it hoic only the«( test or badge I o d t) 
we call this type of flag a penn int’ or pend int 
and lilt f nd is often sir night and not f( 1 kt d 
2. Naiionai Fi a( s Fven countn his iis 
n ition il flag and in inv of thtrn h i\e inter csiin^ 
histones The cross of St Gtorge has been in 
Lnghsh flag sim ( its first ipjiearancc in tl 
middh of lli( i ;jth rtntui) Ihe present Union 
Jaek IS a blind of F riglish Scottish ind lush 
flags 7 lie I nglish cross of St Cfioig nid ti 
Scottish cross of St Andrew were uriiti 1 to form 
the first Union Jack when the two kingdoms 
weie united under Jimes T in ifiog 1 he cross 
of St Patrick of Jreland was idch d soon ift( 1 
the union of lie land with Great Bntnin in iBoi 
The Union •Jaek should ) flown with tlu 
Inoadcr white diagonal line uppermost it tlu 
corner near t^c top of the mast 

Ihe American flag now flcnvn, consists i 
thirteen stripes (seven red and six white), with 
a small blue rectangle in a corner containing 
forty-eight white stais The stripes refer to the 
original thirteen colonies which formed the first 
United Spates at the American Revolution in 
1 776 , since 1818 this part "the flag has remained 
' unaltered The stars represent the number of 
States, as each new State has been founded or 


j aiif d to llu rest the number of stirs h is bten 
mere ISC d 

3. Akm\, Naw and Air Iorci Ii\rs In 
the aimv flags arc c died Colours iiul c ich 
regiment geiuidly his two* the Kings colour 
Hid tlu Kgiinental colour The King’s roloin 
IS the I moil Jack, with various additions the 
rcginunti' colour is imbroidcicd with bulges 
mottoes, i ’ the rlamc‘^ of battles in whuh the 
legimeiit h taken part Tlu edges nefimgcd 
with gold and the i olour has gold and silver 
tiss( Is li mging from it 

llu VNoid colour c imc into use in the ibth 
( ciitui) Paid soldiers unde i hired comm indcis 
then begin to take llu place of earlier fjglitiiiu 
oinds, who had consisted mcielv of tied agii 
( ultuial tenants and person il scivints of land 
ow ning knights or barons [see L4ANn Warfari , and 
liiDAi Sysiim, Vol X) T he new piole'ssional 
rommandeis wc not alwa\s men who inhented 
the right to show a coat-of-aims so they began 
to design simple eoloured flags of their own, 
round which each regiment could rally 

The British Navy for long had three fl igs 
which were famous in battle It was the custom 
to split up the laige fleets into three groups, 
called ‘centre’, ‘van’ (vanguard, from the I lench 
avant-iiarde, a fighting force whuh took the lead), 
and ‘rear’ The centre was commanded by the 
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admiral, the van by the vice-admiral, and the 
rear squadron by the rear-admiral. In order 
that any ship in one of the three groups could 
recognize its own admiral, the ce/itre flagship 
flew a plain red flag, the van a plain white one, 
and the rear a plain blue. Each vessel in the 
fleet showed which of the three squadrons it 
belonged to by flying a red, white, or blue 
flag with the national flag in the top corner. 
These flags were called ‘ensigns* (pronounced 
‘ensun’). 

In 1864 new rules were made. Ships of the 
Royal Navy and the Royal Yacht Squadron 
alone now have the right to wear the White 
Ensign (a white flag with the red cross o\ St. 
George, and a Union Jack in the upper quarter 
near the flagstaff). All other British ships may 
wear the Red Ensign or ‘Red Duster’ (a red 
flag with the Union Jack in the upper quarter); 
the right to wear the Blue Ensign (a blue flag 
with the Union Jack in the upper quarter) is 
limited to ships (other than men-of-war) in Ad- 
miralty service, merchant ships commanded by 
officers of the Royal Naval Reserve, and (with 
badge) ships belonging to various Government 
Offices. Each of the Dominions has its own 
version of the Blue and the Red, but not the 
White, Ensign. Fcyeign ships generally wear a 
version of their national flag as an ensign, and 
most countries have separate ensigns for men-of- 
war and merchant ships. Ensigns are worn 
either on a staff at the stern or at the peak’ or 
yardarm. In addition to the ensign, ships ma\ 
wear various other flags or pendants at theii 
mastheads. In the Royal Navy each flag offuei 
(rear-admiral and above) flies his own flag at the 
mainmast of his flagship; a commodore flies a 
broad pendant. Other warships fly a ‘commis- 
sioning pendant’ while in commission: this is a 
narrow strip of w'hitc bunting with a red cross ol 
St. George near the staff. 

The Royal Air Force, like the Roy<d Navy, 
has its owm ensign. This is flown on the yard- 
arm of a mast, alongside a pennon which shows 
the rank of the officer commanding the station 
or unit. Squadron-leaders and officers of higher 
rank are entitled to a pennon; this may be 
flown on an officer’s motor-car, when he is on 
duty. 

4. Miscellaneous Fj.ags. Various plain 
flags have recognized symbols or meanings all 
over the world. A whu^ flag is the sign of truce 
or surrender in war. A red fl.ig means mutinv 
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or revolution — although Mjrrailyiys it 
usually flown as a warnirfg signU by ships 
barges carrying explosives or NmflamnVlble 
liquids. Formerly a black flag (the Jwly Roger’^ 
was the flag popularly associated with l^mATES 
(q.v.), although in fact gangs of rp^bers at sea 
generally flew a proper naticriuT flag to avoid 
causing suspicion. Someti^ies, in sea fights, a 
black flag was hoisted to ij^aicate that no quai let 
was asked fbr or given ; commanders found this 
a useful way of making their own men fight 
harder. -In British prisons it was 'once the prac- 
tice to fly a black flag as a public signal that an 
execution had taken place. 

A flag is flown at ‘half-mast’ (that is to say, 
not flving at the top), as a sign of moLirning 
on land or sea. ‘Dipping’ a flag at sea- lowTring 
the ensign a third of the way clown and hoisting 
it after acknowledgement — is the salute used 
between merchant ships or by merchant ship to 
man-of-war. When the King reviews his troops, 
the regimental colours are lowered in salute. 

For many centuries, from the beginning of 
the 13th century, British ships insisted that 
foreign sljips should ‘strike’ (haul down) their 
sails, later only their tc^psails and toj)-gallaiit 
sails, when they met the British flag in the ‘nar'row 
seas’. The British cdainied that the narrow seas 
extended from Cape Finisterr'c in Spain to the 
coast of Norway. Foreigners w'(‘re not expected 
to show their owm flag at all ir> sight of the 
British one. I’his claim, wliich was called some- 
times ‘Idle Honour of the Flag’ and sometimes 
‘The Salute in the Narrow Seas’, was probably 
connected with the claim made fiy the kings of 
England to rule over France and Normandy. 
It led to blcjody battles, and wms one cause of 
the Third Dutch War (1672 .^). An English 
admiral even fired into King Pliili]) of Spain’s 
diip for w'earing his own royal flag in tin* British 
Seas, when he was coming over to niarry Qiicen 
.Mary. The claim was quietly dropped tow ards 
the end of the i8th century. 

In warfare, a ship or a land fortress w hich is 
showing a flag can indicate surrender by ‘strik- 
ing’ its flag. A shi[) in distress at .sea may signal 
the fact by flying its flag upside down. 

See also Flag SioNALLmo. 

FLAG SIGNALLING. This was the principal 
method of communication between ships at sea, v 
before the introduction of radio. Although flags 
were used in very early times as a means of 



id'.ntif^'^ation, *icrc,is no record of their having 
l^ecn used in ^^ngland for signalling before the 
middle of the 14th century. An entry of that 
time in T/.v Black Book of Admiralty^ preserved 
in the C^ourts of Justice, lays down that a flag 
of council, ^?oisted ‘high in the middle of the 
mast’, i?i to be‘u. by the Admiral of a fleet 
in calling his captai; together to confer. This 
signal was probably u,^d at the Battle of Sluys 
in 1.^40, during the Hundred Years War. 

Elaborate systems of flag signalling, however, 
were apparentfy' not dev(‘lopcd in tlu!. British 
Navy until many ceaituries later, although they 
were in use by other countiies. The Venetian 
Navy Iiad a flag code by 1420, and the Spaniards 
and Fnmch were both using one by the middle 
o( the i(')lli century. A Erench Book of War on 
Land and Sea, dated I5|;i, giv(\s a list of the 
signals then in use, including ‘a square flag 
between the maintof) and the small s(piare flag 
A\hich is on the maintop mast’, as the order to 
chase the e'»» 1 ^ When, h owever, tfie British 
fleet under Howard fought iht' Spanish Armada 
in 1 5flfl, they seem to have used only such signals 
as cinild be made by firing guns anj dipping 

sails. At the time o^ihe (’onimonwealth, in the 

• 

mid-i7lh ('entur>, flag signals were again in 
use, howcvTi, though they seem to have been 
of a very simple kind. 'Hie signal ‘engage the 
enemy’ was used by the great Briti.sh admiral 
Monk in the sea-battics against the Dutch in 
165;^, and later by Blake at tlie battle of Santa 
Cauz against the Spanish West Indian fleet in 
1(157, given by ‘shooting-off two guns and 
putting a red flag over the fore topmast he id’. 
By ibofl the first books of flags had been ])ub- 
lislied, giving coloured drawings of the Union 
Flag (a smaller version of which, when flown 
from the jackstalf, at the bow, was called the 
‘Union Jack' to cTistinguish it from the larger 
ensign or ‘ancie nt', as it w^a ■ called) and various 
other ensigns, flags, and ])endants Flags). 
In 1714, when the first printed Signal Book w^as 
issued to the Fleet, flags w'cre still hoisted siuL 
and had difleient meanings when hoisted in 
different parts o^ the ship. This system con- 
tinued until the latter part of the century, by 
vvhich time about fifty flags were in use and each 
could be hoisted in any one of up to seven 
different positions, giving altogether 330 possible 
^meanings. Even this nm- her w^as not enough 
to deal wath the increasingly complicated signals 
of war at sea. Many new^. systems were tried. 
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especially while Admiral Howe w^as First Lord 
of the Admiralty from 1783 to 1788; but the 
only one developed was the ‘nurnerary’ or num- 
ber code. Eilch number from o to 9 had its own 
flag; so that three flags, hoisted together one 
above the other, referred to the tlirec-figure 
number of a word, letter, or order in the code- 
book. This was the method still in use in Nel.son's 
battles of St. Vincent in 1797, Copenhagen in 
1801, and 'Irafalgar in 1805, at the last ul' which 
he made his famous signals: 


(Numeral 

I'.riglarul 

Fxprrls riiaL 

Every Man 

flails 


2ft() lUt'^ 

'j6i .^71 

hojslrcl) 

Will Do 

Ills 1 ) 1 ' 

1 Y 


958 ‘2‘20 

370 4 21 

19 24 

followed 1 

)y: ‘Engage the enemy 

more closely.’ 


In 1813 Sir Home J\)pham enlarged the 
scope of the nnmerary code by adding twenty- 
three letter flags to the ten numei\ds; this is the 
basis of the system in use to-day. T he flags or 
pendants are hoisted either singly, in pairs, in 
threes, or in fours on the signal halyards, and 
the Chie f Yeoman of Signals in a warship is a 
master in this art of speaking from ship to ship. 
'Fhe .same methods are used by coastguard 
stations and port authoiities. [See Colour Iflatr 
opposite p. 144.) 

An International Code oli signals is used by 
all Merchant Shipping. This code consists of 
twenty-six letter flags, ten numeral pendants, 
and five substitute and answering flags and 
pendan. Comj)licated messages or unusual 
words ai' pelt out by these, but many of the 
letter flags have single-flag code meanings as 
w'ell: P, for instance, is the well-knowm Blue 
Peter, which is a signal that the vessel hoisting 
it is about to put to sea; G is the Pilot flag, 
and Q^w^as formerly (he Quarantine flag. 

See also Fr Ac.s; Slmaphore* Sic.nals. 

See also v ol. X: Si a W'arfakl, History or. 

FLEMISH LANGUAGE, see Germanic Lan- 
guages. 

FLIGHT ENoINEER, see Aircrew. 

FLOATING DOCK, see Docks. 

FLOTSAM AND JETSAM, w Wrecks. 

FLYING. I. Lift. When an aeroplane is flying 
on a steady, level course, the wing must produce 
a lift force equal to the weight of the plane. 
When an aeroplane is climbing, for example in 
Aircraft Takf-off I'q v ), greater lift force is 
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(A) 

FIG I {a) DIAGRAM OF AFRO! I ANF 

(h) SLCIION OI VNING IN AIRSIRI AM 

needed The wing fs generally rigidly fixed to tlu 
atroplane, but some t)pes ol aircraft such as 
lulicoptcrs (see Rotorc raft) have a loim ol 
wing which spins lound above the cnift If an 
cardinal \ wing were to be cut through, the 
shape ol the cross-section w^ould be more or less 


as shown in Fig. i (b ) — the ^pper surface, being 
curved differently from the lower surface. What 
will happen when a wing of this secUon is moved 
thiougli the air? ^ 

Suppose two people hold each end of a mod^l 
wing of this shape in their hands v^en a strong 
wind is blowing (the eflect wind blowing 
past a stationaiy wing is ti(c same as that of a 
wing passing through aip^at rest). Ihese two 
people would feel the lift force of the wing, and 
if they had a suitable instrument they would 
notic e that the speed of the air wer the upper 
sill face IS g! eater than the wind speed, whilst the 
air passing the lower surface is slowed down 
Ihe lesult ol these differences in the speed of 
the air is that the air pressure on the uppei 
suifacc IS decreased, while that on the lowci 
suifacc IS increased. Since the prcssine on the 
lower surface is greater than the pressure on the 
upper surfac e , the wing will be subjected to an 
upward foice — the lift Because the aerojilane 
IS being forced through the an by its propeller 
or jet, the air flows past the wing fast enough to 
give the necessary lift the fasten the speed tlie 
moie thejjfr 1 his simple pi me iple has en iblcd 
the 130-ton Brabazon (q \ ) to use high in the 
sky 

2 . Drag. When an aeroplane is moving 
through the air it is also subjected to a foicc 
tending to resist the motion. This fence is known 
as the ‘drag’. For an aeroplane in steadv, level 
flight the engines must produce a forward thrust 
equal U' the drag The steady forward motion 
of the aciopl me then enables the wing to pro- 
duce the necessary lift, as 











Atronautus 

FTO 2 Tlir 'OIS'MPIA GLIDFR WIIK H HAS A \ LRS I ARPC WMNC SPAN TO R DUCE 
DRAG AT LOW SPEED 

Comp^rA tJiLs with thr Vimpi t, p q a fast lighter with short win^-sp in 


previously explained 

There are various forms of 
drag. The pressures acting 
on the w mg w Inch have been 
mentioned above, together 
with the pressuic's acting on 
the other part^ of the aero- 
plane, produce a certain 
amount of drag, known as 
the ‘form drag’ A5 the an 
passes over the surfaces of the 
aeroplane it also sets up a 
certain amount of friction — 
the drag produced in this 
way being termed^ skin fric- 
tion drag’ The sum of the ^ 
form diag and the skin 
friction drag is the ‘piofile 




•drag’. It is important to keep he drag of an 
aeroplane as low as possible, so modern high- 
speed aircraft have carefully designed wings, the 
surface ^being kept as smooth as possible, and 
projections, such as rivet-heads, eliminated. Thus 
the profile d’-ag is kept low. 

The 'remaining* ,drag is known as ‘induced 
drag’, and is due tc the disturbance of the aii 
caused by the wing .^n producing lift. Now 
whereas the profile drag increases its the speed 
of the aeroplane increases, the induced drag 
falls. It therefcre tends to be important in the 
c ase of slow-flying aircraft such as gliders; but 
it may be reduced by making the wing span as 
large as possible for a given area [^ee Fig. 2). 
When the aircraft is flying fast, however, the 
induced drag is of little significance. So in the 
case of a figliter tlie wing span can be quite 
short for a given wing area, which makes it 
easier for the aircraft to twist and turn in battle. 

3, Lift and Spm d. The amount of lift pro- 
duced by a ”* 1’ , f en sh" pc and si/e depends 
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on its speed through the air and its ‘angle ol 
incidence'. This is the angle at which the wing 
is inclined to the direction of the iiirstieam, and 
is measured liom a line called the ‘chord-line’ 
of the section (Fig. 3). 

When an aeroplane is in steady flight, the 
lift produced by the wing must equal the weight 
(ignoring small amounts of lift produced by 
other parts of the aeroplane). In certain condi- 
tions of flight the w eight may not cquid the lift ; 
thus, when the aeroplane is [lulling out of a dive, 
the lift wdiich is tending to push the wings up- 
ward^ will bft considerably gi eater than t^ic 
weight of the aeroplane. 

The necessary amount of lift to support an 
aircraft can be produced by flying either at a 
’ow speed but with the wing inclined at a large 
angle of incidence, or at a higher speed and the 
wdng inclBicd at a lesser angle. Sornelirnes a pilot 
wants to fly an aeroplan as slowly as possible, 
as when coming in to land. But if the incidence 
of a wing is increased beyond a certain point, 
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the aeroplane suddenly loses its lift, and ‘stalls’, 
or begins to fall. 7 ’hc speed at w'hich stalling 
occurs decides the lowest speed at w'hich the 
aeroplane will fly. • 

A wing stalls because, when the angle of 
incidence becomes large enough, the air will no , 
longer flow smoothly over the upper surface 
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FIG. 4. AIR Lnnil S ROUND WING WHEN TPS ANGI L OP 
INCIDrNC r IS LARGE 


(Fig. 4). The air bleaks awa> and forms huge 
eddies, and the lift is reduced. If an aeroplane 
is deliberately stalled, the nose suddenly diops; 
the aeroplane dives until the incidence is reduced 
below the st.dling angle, and the speed is 
.suflicrent for the wing to j)r'oducc lift at a smaller 
angle of incidence. 

If a device could be fitted to the wing which 
would enable it to pi'oducc the required lift at 
a lower speed without stallhig, the aeroplane 
w^ould be able to fly more slowly, yet remain 
sale. Such a device is a ‘flap' (Fig. 6). An alter- 
nate e device would be one which WTiuld enable 
the aiic^u o be iru leased bcuirid the ordinary^ 
stalling ai le of the wing. This type of device is 
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Lcirgc jpyle of IncidciiLL ' 

IK, f, srrrnoN v. «ai\(. wrin siot at liadinc. i ixa in 
air.siki:am 

termed a ‘slot’ (I'ig. 5), and prevents the air 
brcakhig away from the upper surface; the slot 
guides the air round the front edge of the wing 
(which is called the ‘leading edge’ of the wing). 

4. Stability. For an aeroplane to fly satis- 
factcmly, it must be both stable and controllable. 
Imagine an aeroplane flying straight and level, 
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The Aeroplane 

FIG. 6. PRESTWICK ‘PIONEER* FLYING VERY SLOWLY 

The wings are fitted with flaps at the trailing edge and 
slots at the leading edge. 

and then a gust causing one wing to drop a 
little. If the aeroplane tends to return to its 
original position with the wings level without 
the pilot having to move the controls, it is said 
to be stable. If the aeroplane ‘pitches’, its nose 
having moved either up or down as a result ol 
some disturbance, a tendency to return to level 
flight means that the craft is longitudinally 
stable. If the nose is pushed to left or right by 
a gust (wdiich is called ‘yawang’, as in a sailing 
ship), a tendency to right itself means that the 
aeroplane is directionally stable. 

Lateral stability^ is got by inclining the wings 
upw'ards slightly from root to tip, an inclination 
c.alled the ‘dihedral’ (see Fig. 7 ). The purpose 
of the tailplane is to provide longitudinal sta- 
bility. It is a small wing, which produces a lift 
force in the same w'ay as the main wing. If a 
disturbance makes the nose rise, the angle of 
incidence of the tailplane increases, and its lift 
also increases. This tends to raise the tail, thus 
restoring the aeroplane to its original level 
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FIG. 7. C RO-sb-SLCl ION OF ALROPLANC SHOWING DIHEl/KAL 
ANGI E 

position. The fin operates in a similar manner 
if the nose moves to either side. 

5. Control. The pilot control an aeroplane 
by moving hinged flaps attached lo the trailing 
edge of the wings, tailplane, and vertical fin, 
as described in the article Aeroplane. These 
flaps are the ailerons, elevator, and rudder 
(Fig. I (a). If the pilot wishe.s (o bank the aero- 


plane to the left (that is to say, to lower the left 
wing and raise the right wing) he moves the 
control-stick in the cockpit to the left. The 
‘stick’ is connected to the ailerons in such a way 
that moving the stick to the left makes the left 
aileron move up and the right aileron move 
down. The lift on the ou^ part of the right 
wing is therefore increase/a and the lift on the 
outer part of the left wi>»g reduced, so that the 
aeroplane Ts made to bank to the left. By moving 
the elevator the tail can be pushed up or down. 
Movement of the rudder causes the tail to be 
pushed to one side or the other. 

When a pilot is handling an aeroplane (as in 
a banked turn, for example), he must often use 
all three controls at the same time in a rather 
complicated way. 

6 . Aerodynamics. The forces which act on 
a wing, or any other body moving in air, are 
studied by the science of aerodynamics [see 
Aeronautical Engineering, Vol. VI IT). A 
wing can be moving fast through the air, or the 
air can be blown at high speed past a wing 
which is stationary on the ground ; in either case 
the forccf arc the same. For that reason, and 
also because it is too d^ingerous to make experi- 
ments with an untried aeroplane, as one can 
with an untried motor-car or motor-boat, all 
new shapes of aeroplane parts are first tried out 
on the ground in a Wind I’i^nnel (q.v. Vol. 
Vni), a kind of corridor in which a modti of an 
aeroplane (or of its wing) is suspended, and an 
electric fan blow^s a very strong current of air 
against it. Delicate balances show how strongly 
the air presses against the model. In this way 
a designer can tell how a lull-size aeroplane 
would behave when flying. 

Sec also Aeroplane; High Ai'iitijdp Fi ir.in , Supi r- 
SONIC Flk;ht. 

FLYING-BOAT, see Seaplane. 

FLYING, HISTORY OF. i. For many cen- 
turies envy of birds and a determination to rival 
them caused men to try to fly. Every radc created 
its own flying legends. 7Te myths of ancient 
Greece include that of the hero Icarus, who 
attached birds* wings to his shoulders with wax 
in order to escape from danger in thf island of 
Crete. In spite of his father’s warning, he flew’ 
too near the sun; the wax melted, and Icarus 
crashed into the sea. A British legend tells of 
a mythical king callfd Bladud, who, long before 
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the time of Christ, took off from the top of a 
temple in Britain and crashed among his people. 

I'hcrc were many later stories of flying men, 
apd thctc is no reason to think that they were 
all untrue. No one, of course, can fly with false 
wings by the unaided power of his muscles, yet 
for centuries the L'*lief persisted that this was 
possible. What may have happened from time 
to time is that some boW experimenter, jumping 
Itom a tower with artificiij wings *held rigid 
like those of a kite, may have managed to glide 
to earth. I’Jie Tegends persisted; one of ’the last 
believers w'as a French nobleman w^ho tried to 
fly across the River Seine in Paris in 1742; he 
fell into a boat and broke liis leg. It is now' 
knowm that a vast spread of feathered wings 
w^ould be needed to lift a man by biid-like 
llapinng; these wings would require siu li strong 
muscles that human chest-l)ones would have to 
be inches thic k to take the strain [see Fmgh'j\ 
Vol. 11 ). 

Some pic.phei.'^, hcAvever, were able to look 
ahead and foretell mechanical flying. Most 
remarkable of the j)ionccrs was Leonardo Da 
V^ iNc.i (q.v. V’^ol. \'), the painter, phflosophet, 
and scic’iitist of i’’ ‘ren^e, who studied bird 
flight, invented the helicopter propeller, the 
paiachute, and p()ssij)ly a balloon W'hich was 
lifted b) hot air. 

2. Lighti R iiiAN Air Fiigiit. The lightcT- 
than-air idea (balloons) w*is sue cessful befor<" the 
heavier-than-air principle (aeroplanesb 
Italian designed, but did not build, a f]\ing 
v(*ssel in i()7o. It was fitted wath large sjdieics, 
from wliic'l’ the air was to be pump<.d out; -he 
resulting vacuum was expected to lifi the craft. 
It was not leali/ed that atmosjiheric Pri.sscri: 
(q.v. Voi. Ill) would cau.se the thin copjier 
spheres to collitpsc^ In 1709 a Portuguese made 
and demonstrated a small model hot-air balloon 
in Lisbon; but no one toe . much notice, and 
it was not until 1783 that man made his first 
aerial voyage.. 

Two French brothers, named Monlgolfu 
who were paper-makers, built a large globe ol 
linen and paper i*. a field near the River Rhone, 
in France. Then they lit a fire on the gnaind, 
and let the hot air float up into the globe tiiiough 
its open h^se until it began to lilt it. Soon after- 
wards, a daring young n n named dc Rozicr 
went up in a hot-air ballcMin lifted in this way, 
but still remaining tethered to the ground by 
Next he set off fiurn Paris in an iin- 


tethered balloon with a passenger, keeping up 
the supply of hot air wath a portable brazier 
hung beneath the balloon. De Rozier was the 
world’s first airman. He was followed* by a 
French professor named Charles, w'ho had been 
experimenting with filling the balloon with 
hydrogen gas, the lightest known substance, 
instead of liot air. The professor set off on the 
first,gas-bnlloon voyage of history — lire ancestor 
of all the Balloons and Airships (qfj.v.) that 
have risen since. The hot-air balloon socjii went 
out of use, except for taking up parachute 
jumpers for public entertainment in the 191I1 
century. 

With the Montgolfiers, de Rozier, and Pjo- 
lessot Charles, llie air age liad ai 1 ived. T'he idea 
of floating had beaten the idea of flapjiiiig wings. 
'I’he first Biitish air travellc-i, an Oxford grocer 
callc'd Sadler, went up in oRj. The English 
Channel w^as crossed in 17H5. Napoleon Bcma- 
parte, as a young general, used balloons for 
military observation w'ith the French arn\ies in 
i79j. I’he first sucrc*sslul human descent in a 
pai\>rhute look place in 1797. With lime came 
fur ther conciuests. Distance records were broken 
by a 50()-mile balloon voyage in 183G. The fh’st 
air-raid in history took place wlien the Austrian 
Army sent up hot-air ballooils, with bombs but 
no pilots, to drift over Venice during the cam- 
paign of 1849. The first air photograph, a view 
of Paris, was taken from a balloon in 1858. A 
record he it ol'2t),()()0 feet '5 miles) was claimed 
irr 1875. ^ .c first Arctic (^x[)l()I'ation bv air took 
place- in 1897. (.SVy Ciolour Plate opposhc p. 1 12.) 

Flying men soon thought of making their 
balloons long in shape, and tiying to steer them, 
instead of having to let them drift with the wind. 
But for many years no one knew how' to build 
light enoutrh engines. Then, in 1852, a French- 
man built an airship with a steam-engine slung 
well below the gasliag to reduce the risk of fire. 
Jt flew for about 1 7 miles at 3 miles an hour; this 
sjieed was so '*>w that the airship could be 
steered cmly on a windless day. In 1883 the 
French Government built an airship which w^ls 
really controllable and able to return to its base: 
it had a g-horse-pow’cr electric motor. A 
Brazilian, Santos-Dumont, made a small airship 
in W'hich he flew round the Eiffel Tower in 
Par is in 1 90 1 . By that time tlie German inventor. 
Count Zeppelin, had launched his craft. 

3. He.wier than Air Flight. The Kite 
(q.v. Vol. IX) is the oldot form of aircraft in 
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the world. Kites were used 3,000 years ago in 
China, where they were sometimes used for 
signalling in war. They have been known in 
Europe since the Middle Ages. British soldiers 
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flew man-lifting kites for watching their enemy 
in the Boer War. The significance of the kite, 
however, had remained undiscovered until an 
English baronet, Sir George Cayley, in 1804, 
attached a kite to a pole, and fastened fins to 
the other end of tlie pole: thus, by making the 
first glider, he laid the foundations of the science 
of flight. In the middle of the 19th century 
several British inventors made aircraft models, 
some with steam engines and propellers. The 



Crown Copyright, from exhibits in the Science Museum, London 
RF.PROnUCrriON Ot SIRlN(,tLLl ow's MODLL M RQPLANE, 1 848 


first powered aircraft in the world to fly was 
a model made by John Stringfellow in 1848. 

Experiments increased in Britain and France. 
Jet propulsion was considered but given up. 
One Frenchman, in 1890, at last rose from the 
ground in a number of hops, but this wonderful 
effort was not true flight — powered, sustained, 
and controlled. 

Gliders first demonstrated the real secret of an 
aircraft’s wing. I'he first person to trust himsidf 
to a glider was a German engineer, Otto Lilien- 
thal. As a boy of 14 he had tiK cl to fly with 
wings strapped to his shoulders, and he con- 
tinued to experiment all his life. His first gliders 
were monoplanes. Then he tried using two 
pairs of wings, one above the other, to give the 
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glider more lifting surface, and from this built 
the first biplane. Jumping from an artificial 
hill, he made hundreds of glides, some as long 
as 750 feet, before he was killed in an accident 
in 1896. 

Better luck came to gliding men in America, 
among them the brothers )Vilbur and* Orville 
Wright. The Wrights had been building gliders 
for several years before^ they made their first 
aeroplane. “ This machine was built like a glider, 
but was driven by an engine. Steam engines 
had been too heavy for flight; now the inventors 
of the early forms of Motor-car (q.v.) had 
made a light engine run by petrol, which gave 
enough horse-power in proportion to its weight 
to make flying possible. On 17 December 1903, 
on the lonely sands of Kitty Hawk, North 
Carolina, five people saw the Wrights make tlie 
first true aeroplane flight. It lasted 1 2 seconds. 
Their longest flight that day lasted 59 seconds, 
the machine flying half a mile, about 10 feet 
above the ground. Yet no one outside Kitty 
Hawk would believe the Wrights had flown; so 
they quietly went on with their work, increasing 
the length and height of their flights each year. 
At last, by 1906, the wqrld began to take notice. 
Half-hearted inventors speeded up iheir expeii- 
ments. The first aeroplane flight in Europe was 
made by the ingenious Brazilian, Santos- 
Dumont, and in 1909, amid public excitement, 
a Frenchman, named Bleriot, llgw from France 
to England. With this, the nations became air- 
minded; the Briti.sh people realized that the 
English Channel was no longer a barrier against 
the rest of the world. 

4« Flight in Modkrn Timfs. T he First 
World War caused an intense development in 
aircraft design. For the first time each leading 
country built up Air Forces (q.v. Vol. X). 
At the end of the war, in 1918, theie were 
thousands of aircraft and trained pilots ready 
to turn to civil flying. In 1919 regular passenger 
services were started between many European 
capitals {see Civil Aviation). 

Much patient experiment and dangerous 
exploration were needed to improve aircraft and 
extend air routes across the world. In June 1919 
the Atlantic was first flown by two young 
British airmen, Alcock and Brown. In the same 
year the brothers Ross and Keith Smith flew 
from England to Australia. No one had the 
hardihood to make this journey for another 8 
years. In 1924-5 a young airman named Alan 
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The converted Vicketi ‘Vimy* bomber in which Alcock and Brown flew from St John’s, Newfoundland, m 1919 
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Cobham broke many records wlicn he flew from 
England to India and back in an old machine 
with two friends. I’his route was then un- 
charted; so was the iG,ooo-mile return route to 
the Gape, which Cobham flew a year later. His 
greatest flight took him from London to Mel- 
bourne and back. Fie had attached floats to his 
trusted old machine, and after flying 28,000 
miles in 320 hours, he alighted on the Thames 
beside the Houses of Parliament. He received 
a knighthood for his services to the cause of 
flight, for, as well as these great record flights, 
he made many survey flights for discovery about 
air-currents, storm tracks, the location of me in- 
tain ranges, and possible landing-grounds. 

In 1927 the Atlantic was flown for the second 
time: a 25-year-old American named Lindbergh 
flew non-stop from the United States to Paris. 
In order to comply with the conditions of a prize 
competition, he flew solo in a small single- 
engined machine which carried no wireless. He 
was 33 hours at the controls, and won 5,000. 

An Australian pilot, Kingsford Smith, made 
many pioneer flights, including one between 
America and Australia, the first mail-carrying 
trip from Sydney to London, and two record- 
breaking solo journeys between England and 
AiLstralia. The first solo England -Australia 
flight was made by another Australian, 11 . 
Hinkler, in a tiny aircraft in appalling weather. 
Hinkler also made tlie first solo flight across the 
South Atlantic. 

Miss Amy Johnson, of Hull, was the first 
woman to fly horn England to Australia solo. 
T..ater she married James Mollison, a record- 
breaking long-distance airman, and then, flying 
alone, she broke her husband's own record to 
the Gape. As pilot to her husband, she crossed 
the North Atlantic in 1933. Mollison had been 
the first airman to cross the Atlantic in a light 
sports plane; he flew solo from cast to west 
against the prevailing headwinds, all previous 
Atlantic flyers having flown from west to east. 

But after 1930 adventure in the air had begun 
to give way to every-day routine. The various 
British air companies had united in 1924 to 
form Imperial Airways (predecessors of the 
present British Overseas Aircraft Gorporation). 
Business men were beginning to send their 
letters by Am Mail (q.v.) and to travel in 
aeroplanes themselves. The Prince of Wales and 
other sons of King George V flew regularly. 
The leading statesmen saved time by flying. In 
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when the Second World War was bo- 
coming imminent, the British Premier, Neville 
Ghamberlain, went to Germany to try to avoid 
war, and no one was surprised that he sliould fly 
there. Yet it was less than 30 years since the 
first aeroplane had crossed the Channel. Within 
that time aviation had become, as it is now, as 
normal a part of life as trains, ships, and buses. 

Sec also Aeropi.anl.; A^rgrafi' Engines; Flying; 
Civil Aviai/on. 

FLYING INSTRUMENTS, the cockpit of a 
modern aircraft is fitted with a mass of instru- 
ments designed to increase the safety of flying. 
Instruments show: (a) the speed of the aircraft 
and its position in space; (h) the efficient working 
of the engine. Since every engine in an aircraft 
needs a complete set of the appropriate instru- 
ments, multi-engined aircraft are often fitted 
with a separate instrument panel for the flight 
engineer, as otherwise there would be too many 
dials for the pilot to watch. 

All engines arc fitted with tachometers, in- 
dicating the number of revolutions per minute. 
An engii^c tends to produce most power at some 
given speed; also, any marked variation from 
normal speed may suggest to the pilot that 
something is wrong. With piston engines, one 
of the most important of the other instruments 
is the ‘boost gauge'; this shows the pressure at 
which petrol-laden air is being fed into the 
engine cylinders. For gas-turf)inc engines, 
whether ‘pure jet’ or driving an airscrew {str 
Aircraft Engines), tlii*rc is a very important 
instrument which records the temperature in 
the tail-pipe or exliaust nozzle of the turbine. 
This instrument works on the thermo-couple 
principle {see Tiif.rmos'I’at, Vol. VIII), by 
which, if two unlike metals are joined tog(*ther 
in an electric circuit, a current will flow, de- 
pending on the temperature at tfic point where 
they arc joined. 

Besides basic information of this kind, the 
pilot receives other indications of the state of the 
engine from dials which record oil pressure and 
temperature at many points, and pressure in the 
fuel-supply system. 

Chief among navigating instruments are the 
altimeter, which records altitude, ai>d the air- 
speed indicator. The standard altimeter is 
simply an aneroid Barometer (q.v. Vol. VIIT); 
it really measures atmospheric pressure. Since 
this pressure falls oflT with height, it is possible 
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^tc) mark the barometer dial in terms of height, 
instead of air-pressure. One disadvantage is that 
the instrument indicates height above sea-level, 
which is the real ‘floor’ of the atmosphere, and 
dot above such varying things as mountains, 
towers, or even flat land higher* than sea-level. 
Tails a* pilot lost in fog or cloud, with his alti- 
meter showing that he was 10,000 feet up in 
the sky, might still fly into a mountain range 
10,300 feet high. To avoid such risks, echo- 
soiinding altimeters have been devised. Some 
project sound ^aves towards the ground, and 
others high-frequency wireless pulses. Both 
kinds of instrument measure the interval of time 
between projecting tlie waves and receiving in 
the aircraft the echo or reflection of the waves 
bouncing back from tlie ground or any tall 
obstacle below. Similar devices are used to give 
warning of other aircraft in the neighbourhood, 
a principle first developed by British military' 
aero])lancs in the Second World War. Apart 
jrom the limi^nlions which have already been 
mentioned, the barometric altimeter is a sensi- 
tive apparatus. Pressure vari(\s with changes in 
weather, and in order to secun- accurijey before 
landing, the instrument is re-set on the basis ol 
i<round barometric readiiigs received by wirele^ 
from an airport. 

The ail -speed indicator is important in 
n.ivigating to a definite tinie-and-distance plan 
It is also vital when the aircraft is taking oil or 
l.inding, as the pilot must then see that the air 
speed does not fall below ‘stalling’ speed 
I’l.YiNc;); if the wang w^ere to cease to support 
tlie ail craft when it was flyang so near the ground 
tlie pilot w'ould not have space to inanmuvrc, 
and an accident might take place, 'i’he indicator 
works by measuring the dillerence between aii- 
pressur(‘s in two tubes. One ol these tubes has 
a hole at its front Vnd, which laces forward in 
the line of flight, and so is subjeci to the sum 
of two pressures; one is ‘static’ pressure (that 
is, the normal atmospheric pressure which is 
found^ everyw^here) ; the other is ‘dynamic’ pres- 
sure, caused by the fact that air rushes into th... 
tube owing to the speed of the aircraft. Hic 
second tube has simply a hole in its side, and so 
r. aflected only by ‘static’ pressure. Pipes from 
these two tubes are led to a pressure-gauge; 
this recorefs only the difference between the tw'o 
pressures, which is equal lO tlie ‘dynamic’ (or 
•‘ram’) pressure alone. 

This dynamic pressure varies both with the 
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With an ‘Automatic Pilot' controlling the craft, tlie Captain 
Heft) consults the first ofliccr, who holds a com])utor. With 
tins lie f alculates speeds, tmu*- and wind vcloi iiy liiaiiglcs 
and thus the course to steer. The dials show the altitude, 
ait speed, engine rev. )h it ions, boost t^h^wer), and the course 
being steered 

air density (goxcincd by altitude) and with the 
true air t»ecd. d'hc actual iigurts on tlie dial 
of the «ii peed indicator show’ what is called 
‘indicated xir sfieed', becau.se the instrument is 
unable to sort out tlie.se two elfects of speed and 
density. To guard against stalling, it is the 
‘indicated' and not the ‘true’ air .speed w^hich the 
})ilot needs to know’. But for navigating a course 
from one place to another, lie does need tlie 
tiue air speed. 'This ran be calculated frcjin a 
knowledge of his height (g.iiiit*d from the alti- 
meter), which tells him the air density. 

Air speed is not the same as ground speed; to 
estimate groim • speed, that is, the actual speed 
the aeroplane flies over the ground, a knowledge 
of wind velocity is also necessary. An aeroplane 
flying at 350 miles an hour with a 3()-niilc-an- 
Iiour \%ind against it (headw ind) is covering the 
ground at a speed of only 300 miles an hour. 
Allowances for tailwinds or crossw'inds must 
also he made, and are only possible in flight if 
drift can be estimated. 

The faster types of modem aircraft need an 
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instrument which will warn the pilot if the speed 
of sound is approached, cither in dives or in 
level flight, because stability and control may 
be dangerously affected {see Supersonic Flight). 
The speed of sound varies with height and with 
air temperature, and these changes are allowed 
for by a machmetcr, which measures the ratio 
of air speed to the speed of sound. 

Other instruments make blind flying possible 
in cloud or fog {see Navigation, Air). These 
tell the pilot whether the aircraft is flying level, 
or whether it is rolling or pitching. They work 
on the principle of the spirit-level, or, in modern 
designs, with Gyroscopes (q.v. Vol. VIII). The 
pilot also needs a Compass (q.v.). This is i.or- 
mally magnetic, but increasing use is made of 
the gyroscope and of radio (or radar) direction- 
finding. 

See also AhROPi ANE, Flying. 

FLYING SCOTSMAN, This express train runs 
between King’s Cioss station, London, and 
Edinburgh by the East C(^ast loiite, leaving 
either terminal at lo a.m. It began making this 
trip in 1870, and has continued to do so through 
two world wars to the present date. It was 
operated at first by the Great Northern, North 
Eastern, and Ncrth British Railways, later 
London and North Eastern Railway. In the 
summer of 1928 it began a non-stop run of 
392 J miles between the two capitals, thus 
making a world record for a daily non-stop run. 
The time allowance for the run was eventually 
reduced to 7 hours. By using corridor tenders 
the engine-crews could be relieved on the way 
without the train being stopped. In 1949, how- 
ever, the non-stop running was transferred to a 
new train called the ‘Capitals Limited’. 

FORD AND FERRY. No matter in which 
direction man moves, he comes sooner or later 
to a water obstacle, and long be lore the wheel 
or cart were used on land it became necessary 
to have some means of linking up trackways 
and land routes across water. By a foid is 
usually meant a place on any stream or river 
where the water is shallow enough to allow a 
crossing by man or beast by wading, and by 
some types of land vehicle. The word ferry 
can be used much more widely. It once in- 
cluded any system of transport or travel oper- 
ating between two points, but is now more 
correctly confined to conveyance or passage by 


boat to and fro across rivers, canals, estuaries, 
and straits. Recently, however, the service for 
flying aircraft from North America to Great 
Britain during the Second World War was re- 
ferred to generally as the transatlantic air-ferry 
service. The words ‘ford’ and ‘ferry’, and also 
the verb to ‘fare’ came from the same Old 
English root, meaning ‘go’ or ‘pass’. 

Both types of crossing represent primitive 
stages in the development of communications, 
and are used by people who lack the engineering 
skill or organization to construct Bridohs (cpv.). 
Both, however, survive in varied forms in all 
countries, no matter what their stage of devcloj)- 
ment or state of communications, and both aic 
considered of sufficient importance to be maikcd 
on the topographical maps of the British Oid- 
nance Survey, and similar maps, where they 
exist, for other countries. 

In parts where the height of the rivers varies 
widely between the wet and the dry season, it 
may be impossible to build bridges. In such 
places, where road systems are not well de- 
veloped, floods may restrict travel to the diy 
season, and at this time rivers can be forded. In 
countries with modern road netw^orks, fords are 
now confined almost entirely to local roads and 
larm tracks. Pack animals, high I'arrn carts, 
carriages, or covered wagons could negotiate 
fairly deep water; but the modern motor-car 
cannot do so. 

Many houses and villages were built at fords, 
either lor farming and trading pui poses, or as 
vantage points for guarding the crossing. Place- 
names ending in ‘ford’ usually show that these 
places were important load crossings, and thcrc- 
ibre important also for the development of group 
settlements; most rivers show a succession of 
such place-names, Somerford Keynes, Duxlord, 
Shifford, Swinford, Oxford, Sandford, Ajiplc- 
ford, Shillingford, and Wallingford arc examples 
along the River Thames. Often the other half 
of the place-name is the name of a kind of 
animal — for instance, Oxford is the place where 
oxen could cross the river; Swinford, higher up 
where the river was smaller, was where pigs 
could cross; and Shifford, higher up still, was 
where sheep could cross. 

London grew at a point where the River 
Thames was fordable at low tide, for in early 
Roman times the main highway from Dover 
forded the I'hames at Westminster^ In pre- 
Roman England ^tracks and roads avoided 




ciossing watci \\hrrc*\(*r possible, but where ii 
was unavoidable the width and depth of the 
river was less iinpoi tant than the presence of 
hii^h ground nearby and a haid bottom to the 
ajipioachcs The Romans often paved the ap- 
proaches to and bottoms of the folds they used 
The one crpssmg the Rivei Ticnt at Little- 
boioLigh ncai Lin(*oln had a pavement i8 feet 
wide, of sc|uared stones kept in place by two 
rows of piles " 

In the r8th centui), as tiade and population 
as we]l as merVs mathematical and cngineeiin'^ 
knowledge grew, bridges began to replace foi ds 
These were usually built right on the site of the 
earlier fords, because the roads led up to that 
spot, and there was firm ground on which to 
build. 

Fords h&ve always been tactical prizes during 
war time. The following are two historical 
'examples of this. Near Brentford is the place 
where Julius Caesar is supposed to have crossed 
• 4852 4 


the River laiiics in 5 j li c , though his legions 
were iinpeu d by stakes stuck into the iiver bed 
by the British dcfi nders In January 1879, while 
i British force was advancing into Zululand 
11 om Natal, an invaluable stand was made 
igainst the Zulus by a small garrison at a lord 
on the Buffalo river known as Rorke's Drift 
Unlike U ds, ferries have been better adapted 
to modern uses ferries now var) in form from 
the floating logs, dug-out canoes, and coracles 
used by primitive peoples, to large steamboats 
capable of car» ng many passengers, vehicles, 
and even trains Many types are guided or 
drawn by rope, chain, or horses, but this is onlv 
practical where there is little other navigation 
and or comparatively narrow crossings 

One of the earliest references to ferrymen we 
find in literature is the Greek myth about 
Charon, the old man who conveyed the dead 
over the rivers of the underworld The Romans 
established a number of femes in Britain, one 
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crossed the Severn and another is believed to 
have crossed the Wash, berries across the Mersey 
date from as early as the 13th century, when we 
know that King John offered freedom of toll 
across the river to the burgesses of Liverpool. 
In most countiies an elaborate system of ferry 
rights, chaiges, and revenues has grown up. 

7 ’hc ferry that plied from Queensferry, just 
east of Edinburgh, across the Firth ofl'orth, was 
the chief means ol communication between the 
capital and the Highlands. It forms the setting 
lor the opening of Scott's novel. The Antiquary, 
and pla>s an important part in Stevenson’s 
Kidnapped. A steam-leir> is still used by cars 
which v\isli to cross here, becau.se the Foriii 
Bridc.e (q.v.) only carries a i^aiKvay. 

Ferries cause inevitable delays in traffic. In 
an undeveloped country such as the equatorial 
hnvland of Belgian Congo where there are many 
ferries, it may take as mut h as an hour to cross 
a stream. But even in highly developed countri 
they sometimes serve a useful function, especially 
across rivers or estuaries, or in ports where the 
buildiiig of a bridge might prevent the passage 
of big ships, or would be an unjustifiable expense. 
In some places, however, tunne ls for both roads 
and railways, such as the Mersey Tunnel (q.v.), 
arc taking the place of ferries. At Le Havre 
on the estuary of the River Seine in France, 
where no tunnel exists, a ferry came into service 


in 1932, connecting the port with the south bank 
of the estuary. In 1936 this ferry cai-ried 300,000 
passengers and 40,000 cars, but it could only 
work at certain hours, and only during the day 
because of navigational difficulties. Ferry boats 
plying over short distances may be pulled across 
by chains. Very small boats are still pulled by 
hand in this way across rivers; larger ones used 
to be worked by horses turning a wheel on the 
boat. No'v there is usually an engine on the 
ferry. The chain may be dropped to the bottom 
to allow shipping to pass over. Wider straits are 
ci'ossed by regular steamer services, such as those 
in the straits of Dover connecting the ferry-ports 
of Dunkirk, Calais, Boulogne, and Dieppe with 
Dover, Folkestone, and Newhaven. The onl> 
train ferry between England and France crosses 
between Dover and Dunkirk {see Elrry, Train). 

In time of war rivers have ceased to determine 
military strategy, but they are still of great 
tactical importance. In the advance of the 
Allied Armies into Cermany in 1945, ferries 
across the Rhine and other rivers were in con- 
stant use. For the defenders, they afforded a fai 
less conspicuous and vulnerable target from air 
attack than bridges, and for the assaulting 
armies they were essential to the rapid consolida- 
tion of bridgeheads. 

FORTH BRIDGE. This bridge carries the 
main-line railway from Edinburgh to Aberdeen 
across the Firth of Forth a little to the north ol 
I'^dinburgh, and is one of the largest structures 
of its kind in the world. 7 he original design ol 
Thomas Bouch, on which work began in 1H79, 
w'as for a two-span suspension bridge; but after 
the disaster to his suspension bridge over the 
'Fay in December of that year, Bouch’s design 
was abandoned, and an entirely new design was 
prepared by John Fowler aud Benjamin Baker. 
Despite opposition in Parliament work on the 
new design for a cantilever bridge began in 
1883. The bridge w^as opened in March 1890. 

It consists of three immense cantilevers, which, 
with their connecting girder spans, make up a 
total length of 5,440 feet. High-approach via- 
ducts on both sides of the Firth, bring the total 
length to 8,296 feet. The site was chosen in 
order that the middle cantilever could be built 
on Inchgarvie Island; but foundatibns for the 
north and south cantilevers had to be sunk in 
water from 70 to 90 feet deep by the use of 
caissons, laige, water-tight cases in which the 
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t:oncrete foundations are laid under water (see 
Bridge Building, Vol. VI II). The strength of 
the bridge lies mainly in the 12-foot diameter 
tybes wjiich form the underside of each main 
span, and the sides and diagonals of each 
cantilever. The cantilever towers which rise 
361 feet’above high-water mark are 120 feet wide 
at the base, but slope inwards to a distance of 33 
feet wide at the top. J'he two main spans are 
1,710 feet each, and the two side* spans arc 
690 feet. The whole structure is braced from 
cTid to end by a latticew ork of steel girders. 

As well as 54,000 tons of steel, there are 
740,000 cubic feet of granite, 46,300 cubic yards 
of rubble masonry, and 64,300 cubic yards ol‘ 
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concrete in this colossal bridge, which cost ovtT 
/,‘2,5()(),o()0. The bridge is repainted con- 
tinuously to prevent rusting —a process which 
takes 3 years to complete, for a single coat takes 
no less than 54 tons of paint. 

Sec also Bridols, Railway. 

FREEDOM OF SPEECH has ibvays been 
looked upon as one of the mosi important 
liberties of f)eople living under a democratic 
system of government. By freedom of speech 
we mean not only freedcjm to speak our minds 
to other people, either privately or at public 
meetings, but also freedom to put our thoughts 
and ideas into wTiting; to publish them in 
books, newspapers, periodicals, pamphlets, on 
posters and hoardings; and also to address if *in 
to the wider public that can be reached no\va- 
days by radio broadcasting. Freedom ot speech, 
and what is called ‘the freedom of the Press’ are 
thus closely connected, and in fact esseniial to 
each other. 

Few th*inkers have done more to reason out 
and explain the case foi • .nrcstricted freedom ol 
speech and of publication than John Stuart 
Mill (q.v. Vol. V), the ^igth-century philo- 


sopher. His argument, set forth in his famous 
essay On Liberty^ was that, if any idea or opinion 
were sound, nothing but good could come from 
its being openly stated or published; whjle if it 
were unsound, and were given the fullest 
publicity, other people would be led to point 
out what might be wrong or false in it. 

For 200 years before Mill, wa iters and printers 
had done a good deal, in spite of peisecution, 
to assert the right to free speech Newspapers, 
History of). In the i7lh century John Mii/i on 
(q.v. Vol. V) W'lote an important pamphlet, 
entitled An’ofxi^^itica (after an oration made in 
ancient Gieece), in favour of the freedom to 
publish one’s thoughts and ideas. 

Even democratic countries, however, insist on 
certain limitations on C(jnii)lete freedom of 
.sj)eech and of publication limitations which 
^^liil himself thought reasonable, and which are 
still thought reasonable to-day. To start with, 
thr right of speaking freely in pu})hc must 
obviously be limited to some extent, because 
streets and public places cannot be obstructed 
at the whim ol anyone who wants to collect 
an audience around him. So laws ar(‘ passed to 
limit and control the rights ol* public meeting 
and of public assemf>lv. Again, some speeches 
may be violent, and may ppvokc listeners to- 
wards rioting or revolution against the estab- 
h.shed government; or the f)eople at the meeting 
may be provoked to light among thenrselves and 
to com»» what the law of Britain calls ‘a breach 
of the p e’. The law therefore forbids violent 
language of this kind, and also, in the interests 
of good order, unduly outspoken attacks on 
religion and morality. 

In carder that speech should be ideally free, 
speakers at pul^lic meetings ought to give others 
a chance of putting forward an ojjposite point 
of view At a public debate this is, of course, 
the usual way of arranging things: a speaker for 
the motion is followed by a speaker against it; 
and the chairman of the meeting then puts the 
question to * vote, counts the voters for and 
against the motion, and announces the result. 
This, broadly, is the way in which freedom ol 
.speech is secured in Parliament (q.v. Vol. X). 
But not all public meetings are debates: many 
are meetings of persons who all hold the same 
views and who arc not interested in heari? g 
what their opponents have to say. Party politi- 
cal meetings are of this kind. Freedom of speech 
in political matters is assured only if every party 
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is given the same rights of meeting, subject to the 
limitations mentioned above. Such meetings, 
however, cannot always exclude persons whose 
politioal views are different, and who may inter- 
rupt speakers with hostile questions or com- 
ments, called ‘heckling’. Most political speakers 
expect a reasonable amount of heckling, and 
deal with it in good humour and often wittily; 
if it becomes a nuisance the audience, if they 
have a strong sense of justice and fair play, may 
check the interrupters or even hustle them from 
the hall. To give a speaker a fair hearing, even 
if what he has to say is unpalatable, is part of 
trhe freedom of speech. 

With regard to private speaking, the : iws of 
most countries forbid statements made with 
malice, and likely to injure the reputation of the 
person spoken of. One may know all sorts of 
unsatisfactory things about one’s neighbours, 
but it is not part of true freedom of speech to 
communicate that knowledge to other persons, 
unless this is absolutely necessary. Libel (q.v. 
Vol. X), which is the writing or printing of 
things harmful to other people, is against the 
law of civilized countries. 

See aUo Propaganda and Advertising. 

See also Vol. X; Gen.sorship. 

FREIGHT TRAIN, see Goods Train 

FRENCH LANGUAGE. This is one of the 

great languages of civilization. Its ideas and its 
actual words have been absorbed by other 
tongues in all parts of Europe. It is spoken by 
about 42,000,000 people in France. In the 
French settlements of North Africa it is widely 
used. In Canada it is the normal speech of 
2,000,000 people in the former French province 
of Quebec, while in those parts of the United 
States which were first settled by Frenchmen 
there are many French place-names, such as 
Louisiana and New Orleans. For some cen- 
turies, until the last few years, French was an 
international language known to the educated 
people of all European nations, and used in all 
official letters between Governments. 

The French language grew out of the changes 
which took place in ancient Gaul (the land which 
we now call France) when German tribes in- 
vaded it in the 5th and later centuries and 
settled there. Gaul had been one of the pro- 
vinces of the Roman Empire; its various tribes, 
having lost their original Celtic tongues, spoke 
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Latin, some well and some badly. When tlic 
main part of the Roman Empire, the part in 
western Europe, broke up in the 5th century, 
a Germanic tribe called the Franks settled in 
northern Gaul and later gained control of most 
of the country. The Latin spoken by the Gauls 
was changed by the foreign accent of the Ger- 
manic settlers, and by the many Frankish words 
which they brought in vdth them. French first 
appears in written form in the 9th century. Like 
other languages which had been based on Latin, 
it had developed a form of its own during the 
Dark Ages of tribal invasion, when reading and 
writing were almost at a standstill (see Romance 
Languages) . 

Many Germanic words in early French aie 
still in use, such a.sjardin ‘garden’, haie ‘hedge’, 
robe ‘dress’, gant ^ g\ovc\ farder ‘to put make-up 
on the face’, danser ‘to dance’, riche ‘rich’, bleu 
‘blue’. Some Frankish words began with the 
sound of ‘w’ ; this seems to have been hard for 
the Latin-speaking Gauls to pronounce, so they 
tended to sound the letter ‘g’ in front of ‘w’. 
Later the sound of ‘w* disapjiearcd altog(*Lhrr, 
leaving ^nly ‘g’ in modern French. 'Fhis is 
shown by the many , modern French words 
beginning with ‘g’, which have Germanic 
equivalents in English beginning with ‘w’, such 
as guerre ‘war’, garant ‘warrant’, gage ‘wag(‘‘, 
guichet ‘wicket’, guise ‘wise’ (as in ‘likewise’). 

. By the 12th centuiy France had quite a huge 
literature; works were no longer w'rittrn in 
many local dialects, but nearly all in the dialect 
of the region round Paris. This diale^ct came to 
be accepted as standard French, just as the 
dialect of London became Siandard English 
(q.v.), for Paris was the centre of the cultural 
life of France. Dialects continued to be spoken, 
and sometimes even written; but in the poetry 
of the Middle Ages Parisian authors would 
sometimes boast of the ‘purity’ of their language, 
while provincials would apologize for local ‘bar- 
barisms’ in their work. 

French then must have sounded very different 
from the language of to-day. These differences 
arc still reflected in French spelling which, like 
English spelling, has not kept pace wdth pro- 
nunciation. When, for example, the French 
scribes of the 12th century wrote beau^ it was 
because they heard in the word three different 
vowel sounds in one group, something like a 
cat’s cry of ‘miaow’. There was a general ten- 
dency in French to ^lit up a single Latin sound 



i65 fuelling in FLIGHT 


Into a double sound, as in Latin pes, French 
piedy which may have been due to the heavy 
CJermanic stress of the Frankish invaders. In 
modern • spoken French the diflerent vowels 
within a group have disappeared {beaUy for 
instance^ is pronounced ‘bo’). 

A feature of French which began in the 
Middle Ages is the nasal pronunciation of cer- 
tain vowels. This is found in no o^ther living 

• West European speeches, except Portuguese, 
and makes French sound very different from 
Spanish and Italian. The result is the ‘French 
way of saying bon ‘good’ by lowering the soft 
palate at the back of the mouth. Old French, 
unlike Old Spanish or Old Italian, had adopted 
from Vulgar Latin two ‘case’ endings: nouns 
had diffciciit endings according to wdiether the} 
were the subject or the object of a sentence. 
Towards the end of the 13th century, howcvei, 
thes(‘ difleient endings began to be dropped, 
and the W(jrd-order (first the subject, then the 
veib, lastK the uijjeet) became fixed, as in 
Faiglish. 

Fiom the nth to the 14th ccrituiies France 
became the leading (ountr) in Fairop?, and its 
influence and lairjiage ’spread to many other 
countries. After the Norman Conquest of lobf), 
a Norman variety cjf French was for nearly three 
centuric’s the language of the ruling class in 
England, and many French w'oids came j)ei- 
manently into the English language [see En(.i tsh 
L\ngua(;f, History of). During this pei!'r[ 
the Ciusaders liom I'aigland, Franc e, and other 
couutiies spieacl the French language across 
Europe to the Near East. Traces of it are still 
to be found in the speeches of Cirecce, Cyprus, 
and Armenia. In most European countries it 
became customary' for the upper cl.isses to learn 
to speak French, tven as far afield as Norway^ 
a land beyond the fionticrs of the Ibriiier Roman 
wwld, w'e read of a fathei, in the 13th century, 
advising his son to learn all languages, but above 
all Latin and J^rench, since they were the most 
w idely spread. From the 13th century until \. ’1 
into the 20th century French has been the 
diplomatic language, used between politicians 
cT different countries in international negotia- 
tions. Changes in national feeling have led to 
the recenlj»use of various other languages. 

In the 1 6th century thr Tenaissance, the great 

• revival of learning in Europe, spread from Italy 
to France, and the French language came under 
Italian influence, many Italian words being 


borrowed into the language. Many of these 
w'ords have since been dropped because of a 
reaction tow'^rds purer French; but there are 
still many everyday words in French which are 
Italian in origin, and which date from this 
period, including even such familiar words as 
soldat ‘soldier’ and pantalon ‘trousers’. After the 
Renaissance Latin was no longer considered the 
onlyi language suitable for serious literary works, 
and French began to be adapted for this pui- 
pose, grammarians beginning to study it for the 
first time. In the 17th century noblemen and 
their wives held literary gatherings, at which 
the finer points of ‘correct’ speech were debated 
In 1635 the French Academy was founded, 
a body which determines for French people 
exactly what shall be considered correct French 
and which new words shall be accepted into 
the language. In later years many new words 
have been added to the French vocabulary, 
chiefly by borrowing from English. Although 
modern French writers, despite the Academv, 
continue to experiment with the language, 
modern literary French remains much the same 
as the language of the 17th century. In the 
country districts of France local Dim kcm s (q.v.) 
or ‘patois’ arc still spoken by^ the peasants. 

Sec also I.ANOUAC.ii Sirucicrl. 

Str also Vol, I. Fri nch. 

FREQUENCY MODULATION, Wam- 
I LNuiHf SVr also Vol, VIII. Wiki i i ss. 

FRUIT TRAIN, ^ee Trains, Speciai, Usls. 

FUELS, see Engine. See alw Vol. Mil: Furrs 

FUELLING IN FLIGHT. The fuel tanks of an 
aircraft can be filled during flight by means of 
a pipe from another aircraft flying close by. 

The weight of a full load of petrol is a severe 
burden to an aircraft engaged on a long fast 
flight, particularly against head winds; a scries 
of rcfuellings during the journey will enable a 
quicker and longer journey- -and possibly a 
safer one — to be made. Sometimes an aeroplane 
can take off from the ground with a very heavy 
cargo provided the petrol tanks are purposely 
left almost empty {see Aircraft Take-off). As 
soon as the craft is safely in the air the tanks arc 
fuelled from another aeroplane. 

The operation is carried out by standard 
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JLF FIGIIT1|R RUFUELI ING IN FLIGHT 

A Glostcr ‘Meicur’ about to make contact \Mth the hose 
from tlie t -inker 

methods. The tanker aircraft (which supplies 
the I'uel) flies to the pre-arranged meeting-place 
in the air; the tanker is gcrieially a slower 
machine than the other aircraft (the receiver), 
which locates the tanker by radar. 

The tanker gets into position below the re- 
ceiver and a little to one side, w'hile both craft 
arc flying in the same direction. The receiver 
unwinds a light hauling line, 250 feet long, 
which dangles, with a hooking contrivance at 
the end. The tanker’s crew, using a gun on the 
harpoon principle, fires a weight on the end of 
a line across the path of the receiver’s dangling 
line, just as the receiver is overtaking the tanker. 
The two lines catch together, and the weight 
slides down the receiver’s dangling line as far 
as the hooking contrivance, where it is gripped. 
The tanker hauls in the line, unliooks the pro- 
jectile, and attaches instead a fuel hose to the 
receiver’s line. The hose is hauled into the 


receiver, and made fast. By this time the tankef 
has climbed slowly until it is flying above the 
receiver, so that the fuel will be able to pass 
down through the hose by gravity. A quantity 
of nitrogen, which is non-inflammable, is forced 
through the fuel pipes as a safeguard against 
fire, and then the fuel is allowed to flow. It 
passes from one aircraft to the other at the rate 
of about ipo gallons a minute. When fuelling 
has ceased, nitrogen is again forced through ' 
the pipes. Then the hose is dis\,connccted from 
the receiver’s fuel system, and is attached to the 
receiver’s hauling line, which is slowly paid out 
a.s the hose is wound in by the tanker. The 
hauling line includes a ‘weak link’, a short 
stretch of rope marked wdth a distinctive colour, 
and made so that it will snap under strain. At 
a given moment the tanker turns away, the 
weak link breaks, and the line and hose are 
hauled aboard the respective aircraft. There is 
some risk of fire from a slight electrical current 
passing along the metal hose from one aircraft 
to another when the petrol is pouring through, 
and causing a spark which might ignite the 
petrol fJmes. I’lie current would arise from 
‘static’ electricity; this is’ the slight charge which 
sometimes makes a cat’s I'ur crackle when it is 
stroked, or which causes a bus passenger to feel 
a tiny shock on touching the handrail when 
about to step from the ground on to the step 
a bus {see Electricity, Vol. 111 ). When two 
aircraft arc to make contact lor reluelling, their 
hauling lines (which are made of steel cable 
covered with hemp) are left bare at the ends; 
the crews of the aircraft take care that the bare 
steel ends touch one another when the tw^o lines 
first come into contact. If one aircraft is charged 
with more ‘static’ electricity than the other, the 
surplus charge passes harmlessly along the steel 
lines until both aircraft have an equal charge; 
there is then no further risk of a sptirk passing. 

Jet aircraft are refuelled more easily than 
propeller craft for, as there are no propellers to 
be fouled by hose or hauling lines, the. two craft 
can approach more closely. A jet aircraft is 
refuelled through its nose by coming very near 
to the tail of a tanker. 

FUNICULAR RAILWAYS, Mountain 
Railways, Section 2. 


1 6 ? GAS TURBINE LOCOMOTIVE 


G 


GAELIC LANGUAGE. J his is a (4(‘ltir l.in- 
and willi Irish (q.v.) and Manx, thr 
lancuagr of die Isle of'Man, makes up one i^roup 
of lli(‘ Celtic family, (iaelic was broui^ht to 
Scotland in the fjdi century by Irish setd(‘rs 
IVom Dal Riacla, a territory in what is now 
• County Antiiin. These people s(‘ttled in Argyll- 
shire (Airca) Gaedhral ‘territory of the Gaels') 
and founded kinu:dom of Dal Riad.i in Seot- 
land, which later became sc^paiated lioni the 
Iiish Dal Riada. They conquered the Piets and 
Britons and by the loth century (iac'lic^was du* 
lani>uaL(e ol all ScotCnd. In ih(‘ iith ((‘iitury 
(.hreeri Maixar'et, i Saxon priiK(‘ss, brout»l’‘ 
Ihu’lish eustoiris, to^c'ther with the Eni^Iish 
lancuaf’e, to Scotland, and die tide turned 
against fiaelie. To-day it is spoken b} j>c-rhaps 
i()(),ooc) people* w’(*st of a line from Kintyre 
diiouiijh Aig) llshire, West Perthshire, and on 
to liu'erness. d’he IIebridks Islands (q.v. \ cu. 
Ill) are the stioiiLthoid of Gaelic 


‘Gillie’ is from Gaelic giolla ‘lad, servant’, 
originally borrowed into Gaelic from Latin 
gdda. Loth, hog, slogan, garron (horse), cairn, clay- 
more (sw’oi*d), and spoil an are other worlds which 
we have boi iow'cd from Gaelic. 

Manx, the lanituaGC of the Isle of Man, w hich 
has recently died out completely, is closer lo 
Gaelic than to Irish, perhaps because the island 
was par t of the \orse Kiiu^dom of the Hebrides 
in the Aliddle A^es, and, when the Norse \\(‘re 
expelled in r 2 b(), it passed into Scottish hands 
lor a time, until the Ent^lish* gained control. 

Srr also La\(.i \(,i Sriu ' 1 1 ri . 

Sf r also 1 : ( li 1 1 1 ( ( iMi 1/ \i i()\ ; Si.ois. 

GALLEON, so Smmnc. Sums. 

GALLEY, U'( Ul VSsK.Al SllII'.S. 

GARAGE, set Mo’IOR TrAVSROR'I M \i\- 
Tn\Axc:T ; Rc)\i> Slrvic.i- Simion. 

GAS TURBINE LOCOMOTIVE. The year 
1 C) p) saw the first gas-tui bine-elec* trie loccnnotive 
nnd(*r'going succc'ssful tests on the Union Pac-ific* 
Railroad, L .S.A., and in ITbiiiar) ipjO die 
Western Rc'^ion ol Br itish Railw.ivs iiitr*oduced 
a similar locomotive which had been built in 
Swit/erlarid. 

'Phe gas turbine consists in principle of a 
large wlv t*l or rotor bearing an intricate pattern 
of blades "he rotor is spun round at high speed 


speec h, but even there almost every- 
one can now sjicak English as W'cll. 

f hielic* has kept much of its ancient 
form, preserving sounds that appear 
in Old Irish; but the grammar has 
become much simplified. The verb 
has only three tenses, present-future, 
past, and iiripc^rleet; and is used w ith 
a personal pronoun, as in Engli.sh. 
The nouns, w li/ch once had inflexions, 
or endings, varying according to the 
part the noun played in the sentence, 
now often have only one singular 
'^nd one plural form, as in English, 
though .some have distinct genitive 
forms. 

Several English words ave been 
* borrowed fi'om Gaelic, among them 
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‘whisky’ from Gaelic uisge, shortened Ji, Switzerland for British Railwavs. Its power is 2,500 horbc- 

from uisee beaiha ‘w’ater bf life’. power and a can reach a speeil ol go miles ])er hour. 


GAS TURBINE LOCOMOTIVE i 

by the pressure on the blades of a stream of hot 
and expanding ‘gas’. This ‘gas’ is produced in 
a combustion chamber into whicji fuel oil and 
air htive been forced at great pressure, and in 
which it is ignited. The air is forced in by a 
compressor which is turned by the turbine 
wheel, and the turning of which absorbs a great 
part of the power generated by the turbine. The 
remainder is available for moving the locomptivc. 

In the Swiss-built British locomotive, which 
is carried on twelve wheels and weighs 1 13 tons, 
the turbine develops 10,300 horse-power at full 
load, 7,800 of which is absorbed by the com- 
pressor, leaving 2,500 to drive the electrit 
generator which supplies current to the traction 
motors. The gas-turbine-clectric locomotive is 
designed to cost less in both fuelling and main- 
tenance than the Diesel Locomotive (q.v.); 
and if it is eventually found practicable to fire it 
with pulverized coal, costs will be still lower. 

Sec also Aircraft Engines, Section 2; Ro\d I rans- 

PORT I-NCIVFS. 

See also Vol VIII: Gas Turbines. 

GAUGES, RAILWAY. The track gauge of a 
railway is the distance between the runninc: 
edges of the rails. In Great Britain the standard 
gauge is 4 ft. 8 J in,, and the same measurement 


GREAT WESTERN RAILWAY . 

Alteration op gauge 

OP THIS 

TSOLAX-N JLmINT'JEI 

BETWEEN 

EXETER & TRURO, 


NOTICE IS HEREBY GIVEN, 

That the lines of the Company between the above 
mentioned points will be altered from the Broad to 
the Narrow Gauge, commencing on the night of 
Friday, May 20th, 1892. 

During the time the alteration is being made 
the lines specified will be closed and all traffic 
upon them entirely suspended until the work is 
completed, which is expected to be on the night 
of Sunday, May 22nd. 


NOTH E OP THE CHANGE OP OAUOE ON Till GREAT WLSFLRN 
RAILWAY 
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a THE LIMIIS IN HEIGHTS AND WIDTH OF TRAINS ON RRlllSIl 
RAILWAYS 

b. A GOODS TYPE LOADING GAUGE 

(P indicates platform) 

is used throughout the mainland of Europe 
except in Russia (5 feet), and Spain and Portugal 
(5 ft. 6 in.). The 5 ft. 6 in. gauge is used also 
on most of the main lines in India and Argen- 
tina. Irish railways have a gauge of 5 ft. 3 in. 
Over the whole of the United States and 
Canada the standard 4 ft. 8J in. gauge prevails. 

It is r#i the Australian Continent that wc find 
the greatest gauge problem. New South Wales 
and the Transcontinental Railw\ay have thi 
4 ft. 8i in. gauge; Victoria and Southern 
Austi'alia 5 ft. 3 in.; and Queensland and 
Western Australia 3 ft. 6 in. ; with break of gauge 
at each interstate fi onticr. Bi isbanc and Svdiu \ 
are linked with 4 ft. 8J in. gauge lines, and Mel- 
bourne and Adelaide with f) ft. 3 in. 

In many countries the narrow gauge of 3 ft 
6 in. is standard, particularly the Dominion oi 
South Africa and Japan; in others the elo^ch 
related metre gauge is used. There are man) 
small railways with even narrower gauges, such 
as 3 ft., 2 ft. 6 in., i ft. 1 1 J in. (the ‘toy’ railways 
of North Wales), and even iTt. 3 in. (the Raven- 
glass & Eskdale and Romney, Hythe, & Dym- 
church Railways in Great Brilairi). 

With each reduction in gauge, it becomes 
possible to lay down sharper curves, and so to 
adapt railway routes to the most rugged country, 
with less need for cuttings or embankments, 
tunnels, or bridges. But this is done at the 
expense of speed and carrying capacity. The 
widest gauge ever used, was the 7-foot ‘broad 
gauge’ of the Great Western Railway,* which was 
given up in 1892 because a gauge different from 
other railvv^ays proved inconvenient. 

Another "‘mportant aspect of gauge is the 
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•loading gauge’, which shows the maximum 
dimensions to which rolling-stock can be built 
if it is to have sufficient clearance through 
bridges .and tunnels, and past platforms and 
other lineside structures. In this respect the 
British railway pioneers did not look far enough 
ahead, and this country has one of the most 
restricted loading gauges of any. In the best 
conditions in Britain • the maximum height 
available above rail is 13 ft. 6 in., and the 
maximum wid^i 9 ft. 6 in., though to allow for 
the extra room taken up by rolling-stock on 
curves, maxiinurn dimensions of 13 ft. 3 in. and 
9 feet respectively are seldom exceeded. In 
North America the height available is 15 ft. 6 in., 
and the width 10 ft. 9 in., which enables Ameri- 
can railways to build locomotives up to thr*‘e 
times the weight, size, and power of the biggest 
in Cxreat Britain. The most ample railwa\ 
loading-gauge in the world is that of Russi<i, 
which is able to build locomotives up to 17 feet 
in height above 

See al'O Railways, Hisiors of. 

See also Vol. VIII : Rahway Enoinrfrino. 

GERMANIC LANGUAGES. Many Europeai. 
languages, including English and the Scandi- 
navian Languagts (qq.v.) as well as Gciman 
and Dutch, are desc ended from the same ancient 
language, known as Primitive Germanic, one of 
the Indo-European Languages (q.v.). ’Ihis 
was .s])oken in South Scandinavia and Denmark 
about 2,000 years ago. Nothing of this language 
survives, but some inscriptions have survived in 
an ancient Germanic language, which is prob- 
.i[)ly very close to it. The best known ol the.se 
IS that on a golden horn found at Gallehus in 
Denmark in 1734 but now lost. It is a line of 
verse and reads: * 

ck hlewagasti/ holtingaz hc^rna tawido 

T, Hlewagastiz from Holt, the horn made.’ 

About 2,000 years ago the speakers of Primi- 
tive Germanic began to spread out in mar\ 
directions, and their language became divide . 
into three main sub-families, from which several 
of the modern languages of Em ope have come. 
The languages descended from East Germanic 
have not survived to the present day; among 
them were those spoken by the Ggths — we have 
part of the Bible in Goth translation — and the 
* Vandals (qq.v. Vol. 1). Gothic was spoken in 
the Crimea as late as the i6th century. North 


Germanic gave rise to the Scandinavian lan- 
guages; and English, German, and Dutch are 
descended frqm the Western branch of Primitive 
Germanic. 

German is one of the world’s most important 
languages. It is spoken by some 90 million 
people in Germany, Austria, and parts of 
Switzerland and the Southern Tyrol. Thcie are 
also, important German-speaking colonies in 
America. German can be divided into Higli 
German, which is spoken in Austiia, parts ol 
Swit/eiland, and in Cential Germany, and Low 
(jerman, which is spoken along the coast pi 
Northern Germany. Both have many dialects, 
which differ fiom one another far more than 
those of English: the speaker of a Swiss dialect, 
for instance, ( annot understand a Noi th German 
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one. Yiddish from the German Jiidisch is a 
dialect of High German with several Hebrew 
words added, spoken by many Jewish people, 
and generally written in the Hebrew alphabet. 
These dialects are for tiie most part spoken 
rather than written languages. There is, how- 
ever, a standard form oi High German wdiich is 
in use in all Cjcrman-speaking countries as a 
written language, and as a spoken language for 
all official purposes. It is used in the churches, 
and in the law courts and parliaments, and is 
spoken by all educated people. It is a literary 
language which has been deliberately stan- 
dardized — a process which began with Martin 
Luther’s translation of the Bible in the early 
1 6th century, and was continued by printers in 
the 17 th and i8th centuries. Since the latter 
part of rh.e 19th century congresses have met for 
standardizing the language. It is this standard 
German that we mean when we s])eak of Ger- 
man. It might be compared with Sfandard 
Enomsu (q.v.), l)ut it is probably not quite as 
widely spoken in Germany as Standard English 
is in England, for in certain districts regional 
dialects are used even by educated people, al- 
though they can usually sjieak High German 
as well. Althougl^ spelling is standardized, pro- 
nunciation varies a good deal, the only standard 
being the so-called ‘German Stage pronuncia- 
tion’, rules for which were drawn up in 1898. 

Gorman differs from most Western European 
languages, such as English and French, in that 
it has not lost the grammatical endings of its 
words. It is what is called an ‘inflected’ lan- 
guage; the function of a word in a sentence is 
shown by changes in the word itself, as in Latin 
(q.v.), instead of by means of small w'ords, such 
as prepositions, as in English. 'Fhe grammar of 
German thus seems rather complicated to 
English speakers. I'he order of w’ords is less 
rigid than in English, as it can be changed 
according to the emphasis. For example, T am 
going to London with the car to-day’ would b 
in German Ich (I) fahre (go) heule (to-day) mit 
dem Auto (with the car) nach London (to London). 
This might be written in the following different 
w^ays, each slightly different in meaning, the 
most important idea being pl;e ed first in the 
sentence: 

Heute fahre ich mit dem Auto nach London T am 
going to London in the car to~day\ Mil dem 
Auto fahre ich heute nach London T am going to 
London with the car to-day’. Nach London fahre 
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ich heute mil dem Auto T am going to London with 
the car to-day’. 

The spelling and pronunciation of German are 
very regular; once the sounds are IcaVnt, it is 
fairly easy for a foreigner to pronounce correctly 
wwds he has not seen before. Characteristic of 
German are the harsh ‘ch’ sounds pronounced 
in the throat, in words such as ich and buch, 
which aro unlike any 'sound in English, and 
the ‘z’ sound, as in zitnmer ‘room’, which is 
pronounced like English ‘ts’. Another charac- 
teristic of German is the ‘glottal stop’, which in 
England is only found in dialects (as when a 
Cockney says ‘wa’er’ for ‘water’). It often occurs 
in German before w'ords or word-roots beginning 
with a vowel. The wT)rcl erinnein, for instance, 
‘to remember’, has twT> glottal stops, being pro- 
nounced ^erinnern. The (hghic script, w'hicli 
was formerly always used in writing German 
and was always taught in the schools, has now' 
been abolished in Germany. 

The difference between High Cforrnan and 
Low German arose because, in about the qtli 
century,^ a change took place in certain con- 
sonants in the south or highlands wliicli did not 
reach the north. Of the two, Low Cieniiaii is the 
nearer to English: the word ‘water’, for instance, 
is .spelt the same in both English and Low Ger- 
man, whereas it is spelt wasser in High German 
Dulch, the language of Holland, w'as alsf) 
unaffected by the sound changes which took 
place in High (German. English ‘two’, for in- 
stance, is twee in Dutch and zwei in lliglt Ger- 
man; ‘open’, is open in Dutch and ofen in High 
German. Origimdly Dutch was an inflected 
language like German, but in recent years there 
has been a movement for reforming both its 
grammar and spelling. I’he case endings of the 
nouns have been eliminated ;*^tlie man’, formerly 
de man in the nominative (that is, w^hen subject 
of the sentence) and den man in the accusative 
(when object of the sentence) is now always 
written de man. Dutch pronunciAtion, like that 
of English, had drifted a long way. from its 
spelling. &A, for instance, when it appeared 
at the end of a word was pronounced simply 
like j, but at the beginning it represented the 
sound s followed by a .sound resembling that of 
th in Scottish ‘loch’. This is a characteristic 
Dutch sound, unknown in German and English, 
and extremely diflicult for a foreigner to pro-* 
nounce. In 1940, when Holland was invaded 
and overrun by (/erman spies, the test of the 
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M I SI S FROM roi nil s ‘fRT KINf WRITTIN IN C FRMAN 
HANDWRIIING 

Wf r i( it( t s(i sp'it dun li ISk ht und Wind^ 

1 s isl d( 1 \ III I init s« iiK m Kmd 
I 1 li It d n Kti ilx n wohl in d< m Arm, 

1 I ‘ ilU iliii SK 1\( r t r h dt ilin w ii m 

M< in Sohn u is birjrst dii so h iritr d( in Cu su lit'* — 

Su list \ it( r (III dcii 1 1 IkoniL, iiK hi 
1)( n I rhiikonii^ rnit K/on urid Sc hw( il 
Mtiu S din ( s 1 st tin NlIm Istn il 
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( 1 urn of a suspttttd spy to Dutch nationality 
was his ]nonun( ntion of tht jrlacc-nanu 
St he v( niii^t n In tht i dor mod sptlhin*, sih 
it tile end ol a v\oid (whtic it only icpirsems 
the s sound; is (hain>(d to j, JVuhrlandsch be- 
c omiiig J^edetlfwds 1 ht t lit rt of tlie icforms has 
f)ccn to bring l^utch iitaiei to Lnghsh 

Dutch IS spoken not onl\ in HolLind Init also 
in Noitli-wcst B( Igiurn This form oi Dutch, 
otten called Ikiiiish, diflcis slightly in pro- 
nunciation from the Dutch of Holland, but 
when written, it is exactly tlie same Dutch is 
also spoken in* the former Dutch colonial posses- 
sions, such as Java, and a language based on 
Dutcli^ called’ Afrikaans, is spoken in Soudi 
All tea by. descendants of the old Boer popui 
lion, who wcic of Dutch origin Afrikaans is 
now vciy dillerent from Dutch, both in grammar 
and vocabulary, having borrowed many words 
fiom the African native languages 

Another Germanic language is Frisian, the 
language spoken in the • isian Islands off the 
'coast of Holland, in parts of North Holland and 
Not th Gci many, m islands oft the German coast 
such as Heligoland, and in north I risian 


islands such as Sylt It is interesting because of 
all the languages in the world it is the one which 
most closely i^ssembles English. There is an old 
tag which says, ‘Good bread and good cheese, 
is good English and good Freeze*. 

Sec aho Language, History of, Indo-Europfan 
I anguaols 

GLIDER. A glider is basically an aeroplane 
without an engine It is controlled in the same 
way but, having no mechanical power, uses 
only giavity to maintain spoed Gliders, there- 
fore, are almcjst silent m flight 

Ihcic aie two classes ol ghdei , the large 
mihtaiy or commcicial trailer and the spotting 
sailplane {^te GiiniNO, Vol IX) Ihe trailer is 
piimanly a load cairier, and is capable only 
ol gliding downwaid from the height at which 
It is released, the sailplane is designed to be able 
to make use of air up-cui rents, some of which 
lift the Cl aft faster than gravity can make it sink 
Bv this means long flights can be made. This 
IS Ctillc cl soaring 

Glide IS wcie not used for commercial oi 
milituv purposes (except for the cheap training 
ol pilots) until tlu Second World War The 
cliflcicnce between these and ;»poi ting gliders is 
pnmanly their size, and secondly, their per- 
lormancc Instead ol being slim and graceful, 
they have large bodies to caiiy heavy loads such 
as army ^ i nks 1 heir mg span reaches loo feet 
and o\ti Instead of a landing skid and single 
wheel, iIk have a fairly lall undercarriage 
(whit h can be folded if necessary) so that the 
fusel ige Will pass over small obstiuctions on 
landing m lough country. Instead of being 
designe d to stay up in the sky, they are designed 
to be able to get down as lapidly as possible, 
relying o» an aeioplane, acting as a ‘tug’, to 
take diein close to their destination. 

In war time, gliders are sometimes released at 
night at a gieat height and distance fiom their 
objective, and hde silently down, loaded with 
tioops and guns, to a surprise attack Near the 
ground, flaps on the wings arc opened to slow 
down the gliders and increase the steepness of 
their glide, the craft can then crash-land in 
paddocks or spinneys without any real risk to 
the occupants The greatest gliding feat of the 
Second World War was the towing of the air- 
borne British soldiers who fought at Arnhem in 
Holland in 1944. 

Glider trailers arc not much used commer- 
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‘OIYMPIA* GI IDFR BEING TOWED 

cially as a method of inc i casing the payload of an 
aeroplane. They reduce the performance ol the 
towing aeroplane to an uneconomical extent, 
and, unlike a car trailer, they require a trained 
( rew. It has been found cheaper to use an extra 
aeroplane for any extra load; the aeroplane is 
faster, and is free to be used at once for another 
journey. 

Sep also Vol. IX * Gliding. 

GOKSTAD SHIP, see Viking Ships. 

GOLDEN ARROW. This is a ‘luxury’ train 
service which runs bet\\een Victoria and Dover. 
The parallel French Service between Calais and 
Paris is called the Flkhe d'Or, It is made up 
entirely of Pullman Gars, and both in France 
and England the cars and locomotives are 
painted with golden arrows, so that they may 
be easily recognized. The Golden Arrow pro- 
vides the fastest way of covering the train part 
of the journey betw^een London and Pans. 
Passengers have to pay extra to use it. 

GOLDEN GATE BRIDGE (San Francisco). 
This great suspension bridge spans the Golden 
Gate, the straits between two peninsulas, 


through which ships enter the Bay of Safi 
Francisco from the Pacific. The city of San 
Francisco is situated on the tip of the southern 
peninsula, so that, before the building of the 
bridge, all traffic wishing to go northwards from 
the city had to travel round the long coastline 
of the bay or cross the bay by ferry. The great 
All Pacific Coast Highway, a motor road 
planned to run down the west coast of America 
from Alaska to Mexico, was faced with the* 
problem of either a break or a long inland 
detour: The bridge, which took over 4 years to 
construct, was opened in 1937. It ran liom 
Marin County on the north to San Francisco 
on the south, making a crossing of nearly 
miles, and it cost some £7,000,000 to complete 
The Golden Gate Bridge is the longest single- 
arch suspension bridge in the world; it has a 
clear span of 4,200 feet between its two high 
steel towers. These towers, 746 feet high, that is, 
more tlian twice as high as St. Paul’s Cathedral, 
are built on two grccit concrete pieis, each 
situated a little distance from tlie shore. The 
most difficult problem was the election of the 
southerA pier which had to be built some i,ino 
feet out from the shore. The problem was 
solved by building a kind of jetty from the shoie 
to the pier site, and then sinking on to the site 
a cofferdam or watertight enclosure made of 
sheets of steel. This was pumped diy of water, 
and then filled with a form of oonc lete spec iall> 
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f)rcparcd to stand up to tlic action of sea water 
(see Bridge Building, VoI. VIII). 

The towers carry two main cables, each about 
a yard in diameter and 7,660 feet in length. 
From tficse is suspended the roadway, about 
200 feet above the water, high enough to give 
ample Clearance to the highest ship, and wide 
enough to allow for six lines of trafhe, as well as 
a pavement each side. 

^ Another suspension bridge, the Oakland Bay 
Bridge, has now been built to carry traffic from 
San Francisco Across the southern branch of the 
bay to the city of Oakland. This bridge, which 
is over 4 J miles long, is the longest bridge in the 
world. It is constructed with two suspensions 
and a cantilever, and a long causeway of 19 
spans. It is double-decked, with six lanes for 
road traffic on the upper deck and five lines of 
railway on the lower deck, three for goods 
trains and two for passenger sub\irban trains. 

See also Bridofs. 

See also Vol. 11^ • San FRANcasno. 

See also Vol. VIIi: Hridgii. Building. 

GOLDEN HIND. Francis Drake vva| the first 
Englishman to lead an expedition round the 
world; this he die! in 1577-80, a Portugue. / 
named Ferdinand Magellan (qq.v. Vol. V) 
having preceded him by some 60 years. Drake’s 
little fleet of five ships manned [)y 164 men sailed 
from Plymouth Sound on 13 December 1577. 
In the holds were carried the parts of four 
pinnaces, light craft which could be put togetner 
either for war or to explore strange coastlines 
and inlets. The purpose of the voyage has been 
variously interpreted; it seems probable that 
Drake had important schemes of cxploiation in 
mind, but that he shared with his mariners an 
overriding itch for plunder. His common failing 
in this re.specfmal^ have disappointed some of 
his officers who had hoped for better things, 
(^ne man, Thomas Dougfity, for some reason 
dissatisfied, spread disaffection, and was tried 
for mutiny. He was executed on Drake’s orders 
when tho ships came to a very good harbo-.r 
in Argentina, named by Magellan Port San 
Julian, where a gibbet already stood as a grim 
reminder of a former mutiny which had i)een 
quelled by Magellan. This deed done, Francis 
Drake, thoroughly master of the situation, ad- 
dressed the assembled sh-.^s’ companies and cx- 

• horted ‘the gentleman to haul and draw with the 
mariner, and the mariner with the gentleman’. 
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On 21 August 1578, afur sending home two 
empty sloreships, Drake with three refitted ships, 
the Pelican, the Marigold, and the Elizabeth, sailed 
pa.st the Cape of the Virgins intf» tlie Straits of 
Magellan, between the mainland of South 
America and the island of Tierra del Fuego. 
'Fo celebrate tliis haj^py occasion Drake changed 
his own ship’s name from ^he Pelican to the 
Golden Hind (tlie hind or female deer referred to 
the family crest of his [)atron. Sir ("hristopher 
Hatton, who had paid some ol‘ the costs of the 
expedit‘» o'). On 6 Se[»tembcr the three ships 
emerged ’to the Pacific; then mighty slijrms 
separated the squadron, and the Marigold was 
lost, and the Pdizabclh turned back for Faigland. 
The Golden Hind stijod on, ploughing her lonely 
furrow^ round the globe, plundering on the way 
the surprised Spanish ships and settlements, and 
visiting California, which Drake claimed for 
Qiieen Elizabeth. The ship was nearly lost 
through grounding heavily amongst the islands 
of the Celebes in the East Indies. Drake re- 
entered Plymouth Sound on 3 November 1580. 
He was summ ned to sail the ship and treasure 
round to the Thames, and he w^as knighted by 
Queen Elizabeth when she visited the Golden 
Hind at Deptford below London Bridge. The 
ship was preserved for a time in a dock at 
Deptford; banquets were held on board, and 
she was an object of popular interest; but by 
1662 the few^ surviving timbers were made into 
a chair which w'as presented to Oxford Uni- 
versity. 


GOLDEN HIND, THE 

Despite valiant efTorts to keep this famous ship 
for posteiity as Queen Elizabeth wished, no 
satisfactory picture of the Golden Hind remains. 
The Portuguese pilot, da Silva,* who served 
Drake after being captured, thought her a stout, 
well-found warship, as did Drake’s Spanish 
captives. Yet her hull was but 75 feet length 
overall by 19 feet beam, and she measured only 
100 tons. 

Sec also Sailing Ships; Exploration. 

GOLDEN ROAD. According to the poet J. E. 
Flecker (1884-1915), this route ran from the 
Persian Gulf to the great trading centre Samar- 
kand in Turkestan. In fact no particular ^ oute is 
known to have been called ‘the Golden Road’, 
though similar names such as Old Silk Road and 
Lapis Lazuli Road were common {see Roads). 

See also Trade Routes. 

GONDOLA. I'he Gondola plies the canals of 
Venice (q.v. Vol. Ill) and was once, before 
the day's of motor-boats, the chief means of con- 
veyance to and from all parts of the city^ The 
gondolas belonging to the great families used 
to be extravagantly decorated, until in the 16th 
century it was made compulsory for all but 
State gondolas to, be painted black. The gon- 
dola is about 30 feet long by 5 feet broad and is 



A VENETIAN GONDOLA 


174 

very’ elegant in its appearance, having a high 
stem of polished steel with a standard serrated 
device which has been likened to the prow of 
a Roman galley {i^ee Classical Ships). Amid- 
ships there is a closed cabin for passengers, com- 
fortably fitted wilh windows, cushions, curtains, 
and a carpet. It is generally propell/“d l)y a 
single oar which the gondolier handles with skill 
from the stern-sheets. The gondola is supposed 
to be built with a cunnihg twist in its hull which 
assists the gondolier to handle his vessel with ' 
the one oar worked in an iron*rowlock on the 
starboard quarter, lo-day gondolas arc mainly 
used for sight-seeing trips by^^ visitors to Venice, 
and for bringing vegetables and other food Ibi 
use in the city. When he comes to one of th(‘ 
many canal crossroads, the gondolier gives a 
special warning shout, just as a cyclist might 
ring his bell. 

GOODS TRAIN. The carriage of goods and 
minerals, or what is generally called freight, is 
the backbone of railway revenue. The methods 
of working goods trains differ greatly in vaiious 
parts of^the world. In the United States and 
Canada high-capacity .wagons alone are used, 
up to 50 feet long, canied on pivoting wheel- 
trucks (bogies), and holding 50 to 70 tons or 
even more of goods to a wagon. All wagons 
arc fitted with compressed-air brakes, like 
passenger coaches. It is not unusual, on suitable 
North American routes, to marshal 100 and 
more wagons of this kind in a single train. I'hc 
‘train crew’, equivalent to a British guard and 
assistants, travelling in the ‘caboose’ at the 
rear, may be as much as a mile from the engine 
crew on the footplate. To handle these trains, 
very powerful 6,000 horse-power dir^sel-electiic 
and steam locomotives are used on certain 
routes, the steam locomotives often being 
Articulated (q.v.). 

In Great Britain, with its relati<^ely small con- 
signments and short hauls, the number of bogie 
wagons in use is very limited, And reliance is 
placed mainly on small four-wheel wagons of 10 
to 20 tons capacity. The position with British 
trains has been ruled largely by the layout of 
sidings in industrial plants, collieries, and else- 
where, with sharp curves, and by the fact that 
a large proportion of the wagon stock in Great 
Britain was not built and owned by railway 
companies but by various private collier ies and- 
other industrial firms. It was therefore difficult 


17 '^ 


GREAT FASJl.RN 



in tliL past to cnlojcc slaiidaids In 

tins ni ittci, and also in the small piopoition ol 
i^oods wat^ons to bt fitted v\ith continuous biakts 
{sec Rr^kfs, Rmiww) Biitisli iail\\a\s have 
been distiiRth backwaid eompaicd with those 
ol oth( I eoLintiies Jielorc the Second Woud 
Wai, all wagons in C^cim.njy and Jianec, ol 
consideiabl) laii’ei cipicit) thin those* in 
Britain had been fitted with eontinueius brakes, 
and the i>( iici.il spe cd eif i^oods tiains v as the le- 
foic hic,lKi on the Continent A eeitain number 
ol fast £»ooels trains have- been run in Britain 
with continuous brakes tlnou^lierut , in the case 
of some othei trains which tiavel at liighe i 
speeds than the aveiage slow goods and mineral 
tram, a lew rontinueiusly biaked wagons aie 
marsh died next to the engine, to give a ^Utle 
additifinal biake-powcr and so to allow so ic- 
what higher speeds 

See also Marsh \ iiiNt ^ ards 

GRAIN SHIP, see Ship 

GRAMMAR, see Lan ^Ae.p Siuue itRi 

GRAMOPHONE, ^ee Vol, IX Gramophone 


GRAPHOLOGY, sa H Section j 

GREAT EASTERN 1 Ins ship, wine h h is be e n 
(ailed the wemdei and failure of he r age, v\as 
built b fohn Scott !\uss( II & Cej at Millw dl 
on the limes lor the l.astein Steam Na\iga- 
tjon Co ])an\, and John Scott Russell and 
Isambud Brunei share the credit ol hei design, 
Launehed in January ih'‘)h, the vessel was time 
times the si/e of II M S Duke of W cl/in^/ou^ one 
of the hugest line -of-battle ships ol he i ela\ 
Her length wasOc)^ feet and hei be.nn 8-; fj [( < i 
She w i built ol non, and hci inge iikjus con- 
stiuetion was ([iiite sueeesslul although nothing 
like her had been attemfite^d be lore She was 
doLible-Iiulle d and had both tia\e.ise .inel longi- 
tudinal bulP ads oi partitions She was fitted 
with both paddle and sere w propulsion, and was 
piobably unieiuc in having five funnels and six 
masts. Ihe puipose ol her great size was to 
cn rble her to reach Austialia without refuelling, 
and her capacity lor coal and cargo was 18,000 
tons Ihe accommodation for passengers was 
also extraordinary — 800 first class, 2,000 second 
class, and 1,200 third class passengers. Her 
crew numbered 400 The upper deck, a con- 
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tinuous iron-plated cellular structure, ran flush GREAT HARRY. National or royal pride hasi 
from stem to stern and was 20 feet wide each often shown itself by the building of great ships, 
side of the hatchways. King Henry VIII, not less ostentatious than 

The launch was fixed for 3 November 1857. other monarchs of his time, ordered a great 
Such a large vessel (the weight of her iron hull ship of 1,500 tpns to be built at Woolwfch. She 


^ was 8,000 tons) had never been launched before, 
and, to make matters more difficult, the ship 
had been built broadside on to the Thames. 
Launching ways, laid with railway lines, were 
built at either end of the ship; but, although 
she started to move, the friction was too great, 
and she stuck. Finally, twenty-one powerful 
hydraulic rams were prepared to push her down 
the ways, and with these she was at last boated 
3^ January 1858. The cost of these prepara- 
tions, however, ruined the Company, and so the 
Eastern was sold and put on the trans- 
atlantic service, for which she was not designed. 
She was slow for this work (her average speed 
was 14 knots), and as her large capacity for both 
cargo and passengers was never made full use 
of, she did not pay her expenses. She was, 
however, most usefully employed in 1865 and 
1866 laying the Atlantic cables {see Cable 
Ship). She was sold for breaking up in 1888 
after a long period of unemployment when she 
had become a problem to harbour authorities. 

See bTEAMSlIIFi, UF. 


was launched in 1514, and named the Henry 
Grace d Dieu, ‘Henry by the grace of God’, an 
allusion to the divine right claimed by kings. 
Such an unhandy name was variously spelt and 
shortened, 'being seldom used in full; Hhe Harry' 
or ^Great Harry* were the most popular variants 
On 13 June, after her launch, there was held a 
great ceremony of ‘hallowing’ or blessing. She 
was a great favourite of the King’s; everything 
was of the best, and he almost regarded her as 
one of his palaces, entertaining foreign am- 
bassadors on board, even while the ship was 
building. The ship had four masts, as was usual, 
and was fitted with top-gallant sails on tlie lore 
and mainmasts. She was of carrack type (see 
Sailing Ships), with a lofty overhanging fore- 
castle. Her extraordinary armament of 193 
guns probably included no more than twelve 
heavy pieces firing through portholes low in the 
waist. H^ r ship’s company numbered 907. She 
put to sea during the French War ol 1322, but 
was laid up at Portsmouth until fitted out again 
in 1535 Aftci that we hear no more of her. 



THE 'great EASTERM’ 

Lithograph by T. G. Dutton, 1855 
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The building of the ship had pujbabJ) been 
suggested by the Great Michael, a Very rnonstn.,v4S 
great ship’ built in 15(36 for King James TV of 
Scotland. The Great Michael is reputed to have 
been 240 feet long; she was apparently built 
with great bulges at the waterline, and was 
thought unsinkablc. 

In 1540 a new Great Harry was launched, (3f 
only 1,000 tons, /51 guns, and 800 men. She 
was in action with the French twice, once when 
Portsmouth ^as attacked in 1545 and the I'rench 
galleys were routed. She was accidentally burnt 
at Woolwich ‘in 1553. 

See alsow Vol. X ; Battleships. 

GREAT NORIH ROAD, see Roads, Modern. 

GREEK LANGUAGE. This, one of the most 
important Indo-European languages, has been 
spoken and written fo; about 3,000 years in 
Greece, the Aegean Islands, Crete, and at times 
in parts of Western Asia, North Africa, Soutli 


Italy, ?nd Sicily. Greek was the olhcial lan- 
guage ' the empire of Alexander the Great 
(4th cen iry b.g.) and of the kingdoms which 
succeeded it, and later on of the Eastern Roman 
Empiie down to the middle of the 15th century. 
It was the language— and still is one of* the 
languages — of the Orthodox Eastern Church 
(q.v., Vol. I). It was the language of culture 
in the R<^)man Empire. About 8 centuries a.c. 
the Homeric poems — the Iliad and Odyssey — 
were written in Greek; and so were, in the 
5th century b.g., most of the greatest dramas 
that the worl * knew until Shakespeare. Works 
on medical and physical sciences, mathematics, 
philosophy, and history were written in Greek 
much earlier than in any other European lan- 
guage. Most of the books and letters which 
form the New Testament were first written in 
Greek. Although it has changed in the course 
of this long history in structure and vocabulary, 
die language has remained fundamentally the 
same. 
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alpha (a) 

A a 

kappa (k) 

K K 

sigma (s) 

beta (b) 

Bp 

lambda (1) 

A A 

tau (t) 

gamma (g) 

Ty 

mu (m) 

Mp 

upsilon (ii 

delta (d) 

AS 

nu (n) 

Nv 

« 

epsilon {&) 

Ec 

xi (x) 


phi (ph) 

zeta (z) 

Z 5 

omikron (6) 

1 0 0 

chi (kh) 

,ela (e) 

Hn 

(p) 

Uir 

psi (ps) 

i/ieta (th) 

ee 

rho (r) 

Pp 

omega (0) 

tola (i) 







GREEK AI PHABET 



I <T, S 
Tt 
or u) 
Yu 
<i>4> 

Xx 

O. UJ 


Ancient Greek, as wc know it, was spoken and 
written in a great variety of dialects, of which 
the more important seem to have been the Ionic, 
Doric, and Aeolic. Each of these became to a 
certain extent the standard language fo/ some 
kinds of writing: Ionic for epic poetry, Doric for 
the choruses in the tragedies and for some mathe- 
matical and philosophical works, and Aeolic for 
some lyric poetry. A speech very similar to the 
Ionic dialect, Attic, became the standard lan- 
guage for most purposes in the 5ih century b.c. 
under the powerful influence of Athenian 
politics and culture. It then developed, with 
a few changes, into the ‘common’ language (the 
koine) of the people from the 3rd century b.c. 
down to the 15th century a.d. The fall of Con- 
stantinople to the Turks in 1453 and the dis- 
appearance of the pastern Roman or Byzantine 
Empire (q.v. Vol. I) were accompanied by the 
breakdown of the koine as a living language; it 
remained in use hardly anywhere except in the 
Greek Church. During the following four cen- 
turies the spoken speech and dialects developed 
almost unchallenged, until in the igth century, 
when Greece was liberated from the Turkish 
domination, the question of a standard language 
for the whole nation had to be solved. A com- 
promise was adopted between the koine and the 
popular Greek {demutike). The new tongue (‘pure 
Greek’), became the standard official language 
of the schools, politics, new.spapers, wireless, and 
some literature. But the popular Greek is now 
gaining more and more ground, not only for 
conversation — where it is dominant — but also in 
literature. 

Greek provided Latin and most European 
languages, especially those derived from Latin, 
as well as Asiatic languages, with a considerable 
number of words — in particular words used in 
the sciences, music, philosophy, and theology. 
The very words ‘mathematics, physics, music, 
philosophy, theology’ arc borrowed from Greek. 
Many words which modern scientists and 


technicians have invented to express new ideu:^ 
and discoveries are built, wholly or partly, out 
of Greek words or stems; such as ‘telephone’ 
(tele ‘far’, phon^ ‘sound’); ‘telegraph’ {graph- 
‘writing’); and ‘cinema’ {kinema ‘movement’); 
‘helicopter’ {helix ‘spiral’, pteron ‘wing’). 

Greek has always been written with an 
Alphabet (q.v.) of its own, derived partly from 
the Phoenician model. I'he capitals have re- 
mained almost unaltered in shape for the last 
24 centuries, while the small letters now used in 
print tiave gradually developed from the 
capitals. 

Ancient Greek had many vowels and diph- 
thongs which gave it a great variety of sounds. 
Only certain groups of consonants were used, 
so as to avoid the clash of unharmonious sounds. 
All words ended either by a vowel, a diphthong, 
an ‘n’ or an ‘s’ — very rarely by ‘k’, ‘P, or ‘r’. 
Most words had one syllable pronounced with 
a high pitch, and (he others considerably lowci, 
giving the speech a sing-song .sound. Syllables 
were clearly distinguished as ‘short’ and ‘long’, 
according to the time rec|uired to pronounce 
them, so^that it was possible to have a variety 
of rhythms based on the ‘quantity’ or length ol' 
syllablc.s — an opportunity w^hich Greek poc'try 
exploits to the full {see Voicie) . Must (ireek w ords 
(nouns, adjectives, and verbs) could be changed 
in many \\ ays according to tlieir use at the end, 
at the beginning, sometimes even in the middle 
— while keeping the fundamental meaning and 
stem. For instance, the Greek verb graplw, 
‘wTite’, had not less than 260 dilferent Ibriris as 
compared with the seven English lornis of ‘write’ 
(‘writest, writes, written’, and so on). The adjec- 
tive corresponding to ‘w^hitc’ {/eukos) had about 
twenty forms. All these changes were bound by 
strict rules, resulting in a rather complicated 
grammar. Greek poets, especially, invented 
compound words freely, in order to express 
complicated ideas concisely {sSe Lanuuacje 
Structure). 

Modern standard Greek has changed from 
ancient Greek in ways such as these.. Several 
vowels and diphthongs have changed their 
sounds: in particular the long ‘e’ (r/), the diph- 
thong ‘oy’ (ot), and the sounds originally pro- 
nounced like ‘ey’ (et), and the French ‘u’ (u), 
are now all pronounced as a short ‘i’. Some 
consonants have also changed in pronun ication: 
‘b’, for instance, is pronounced ‘v’^ and ‘d’ as • 
‘th’ (as in ‘that’), and ‘e’ as ‘y’ (as in ‘yes’). The 
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G\ROSCOI'r 
have been lost. Veibs, 
nouns, and adjectives stilJ 
have many more different 
forms than m Ln^lisli, but 
fewer than in the ancient 
Greek Many woids have 
chant^fd their nu aning, 
and a number of foreign 
words, mainly of I atm 
oiigin, have been adopted 
I he popular language is 
grammatically even sim- 
pler, but has changed the. 
meaning, sound, and s]k 1- 
ling of many more \\oiels 
and has aeleipted inoie 
lenengn woids, me hiding 
some Tuikish 

Ancient Gieek is still 
studied vvidelv m sehoe)ls 
and universities lot its 
literary value, for its ira- 
pentance in the hi lor) 
of civilization, and a«i .i 
model ol a liighlv de- 
veloped language Modem 
Ciieek, on the contiaiy, is 
knov\n*to veiy few peeijde 
outside Greece 

See also Lanoua< i Hisiors 
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GRID (Mais), sie Mm 
Frojlc I ions. 

GUARD (R MI WAV;, Sl( 
Rah wav mi \ 

GYRO COMPASS, 

C e)MPASs. 


high-jnUlud svllible m each word, and the 

difitienccs between le^ng and shoit vt i Is, GYROSCO#'’E, see Vol \ III CjVRosccii’L 
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HACKNEY CARRIAGE, T\xi. 

HANDWRITING, i. Most loims of modcrr 
handwriting developed from Latin wilting, 
w^hich w'as first used for inscriptions in stone oi 
other hard material lor public monuments. As 
this was meant to last a long time, the letteis. 
which were like our modern capital letters, 
w'erc elaborately drawn and carved. These took 
a long time to draw and so w'ere unsuited to 
business documents, literary manuscripts, or 
private lettci's. For these a new’ style of writing 
grew up, and w^as used side by side with that 
still used on monuments. Its difference from 
the monumental style was partly due to the 
different materials, for it was written in ink on 
papyrus, and later on parchment and Paper 
(q.v.) w’ith a small brush made from a reed, 
later to be replaced by the pen {see Writing 
Instruments). This made the letters bolder and 
more rounded; and the difference was further 
increased by the haste and carelessness of 
scribes, who slurred over the forms of letteis or 
ran them together so that it was hard to dis- 
tinguish them. Sometimes part of a letter would 
be left off: ‘H’, for instance, became ‘h’, and 
‘B’ became ‘b’. With other letters a part might 
be lengthened, ‘Q’ becoming ‘q’, and ‘D’ be- 
coming ‘d’. Sometimes the scribes used ab- 
breviations. 

There were tw'o fairly distinct forms of Latin 
handwiiting, the carefully written literary or 
book-hand, used by trained scribes for works 
of literature, and the current or running hand 
used for everyday purposes, such as private 
letters. The book-hand being the more formal 
of the two, the letters changed more slowly. It 
took several different forms: there were ‘square 
capitals’, very like the writing used on monu- 
ments, only more rounded and less stiff (Fig. i a ) ; 


‘rustic capitals’, which were quicker and easier 
to write, being less elaborate and having slender 
strokes, and short, sloping, wavy cross-strokes 
(Fig. I b) ; and, lastly, ‘uncials’, in whiqh both 
square capitals and small letters were used, five 
of the letters (a, d, e, h, m) being very rounded. 
The uncial style was the main book-hand from 
the 4th to the 8th centuries (Fig. ic). 

The running hand changed much more 
lapidly than the book-hand; strokes were 
slurred, angles were curved, letters were linked 
together,* and different individua*! styles began 
to develop. Wall-paintings and waxed tablets 
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a Square, capitals. 4tli or rciituiv \ D. MS of \ irgii 
in the Libiary oi St. (jail, Switzeiland 
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b* Rustic capitals. MS of Virgil, wihtcn probabl> a.o 
494, now in the Laurenziaria Library, Florence 
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c. Uncial script. Ckispcl Harmony written piobably about 
A.D. 54b, now at f'ulda, Gcrmfiny 




d. Cursive script. Papyrus at Berlin containing portions ol 
speeches delivered in the Senate. Ascribed to reign of 
Claudius, a.d. 41-54. 

no. 1, ROMAN SCRIPTS 
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• discovered at Pompeii in Italy show iJiat as 
early as the ist century a.d. there were many 
different varieties of this handwriting in Italy. 
From .the various cursive scripts of Italy 
developed the particular styles. of handwriting 
used in the different countries of western 
Europe, the Lombaidic style used in Italy 
(Fig. 2 a), the Carolingian used in France 
(Fig. 2 b), as well as the special handwriting’^ of 
Spain and Germany (Fig. ar). 

The dcvclcyDinent of Tatin handwriting in 
England was interrupted by the Saxon in- 
vasion, and Latin writing was brought to 
England for the second time in the 7th century, 
by Christian missionaries 1‘rom Ireland, where 
writing, said to have been taken there by St. 
Patrick in a.d. 450, had been developed by the 
monks to a high degree of beauty and clearness. 
From this arose the Anglo-Saxon hand (Fig. 2d]. 

After the Danisli wars the Carolingian style 
of writing, which had spread from France to most 
of the couiiLiies of west'*n Europe, was intro- 
duced into England. The idea of using large 
and small letters together acc ordiiig to a definite 
plan was partly due to this script. •From this 
a most graceful ivle of handwriting developed 
in England, especially in the 12th century. In 
the i^tli century, hcmevci, a new hand began 
to develop in north-west Europe, consisting ol 
rather angular shapes. This w*is known as the 
GfHhic or ‘black-letter’ style {see CoiouR Pi ate 
oppe^site p. 48), and was adopted as a mod'“^ ^br 
printing. It v/as used in England and elsewhere 
until the i6th century, and uruil recently in 
Germany. In the 16th century it as rcplai cd in 
England and most other countries by two neat 
round Italian styles, which originated in Florence 
in the 15th century — italics, and the ‘Rc:)mair 
style of writing. Both are in general use run' 
in printing, arul tlie italic style is mainly used for 
handwriting. {See Book , Hisiory of.) 

These changes in handwriting corresponded 
with change^ in the social background against 
which they took place. At the time win for 
instance, neither the Saxon nor the Normiai 
noblemen could sign their own names, but em- 
ployed the sign of the cross (still in use among 
illiterates) as the pledge of their good faith and 
witness to their consent, writing was a pro- 
fession, and a very rcs’ ‘Cted one. Handwriting 
at this time was regular and carefully formed. 

As late as the i6th century, when it was 
necessary to communicate with persons at a 
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a. Lombardic script. Tacitus’ ylfjnflh written at Monte Cas- 
sinoaljout A.D io‘30, now in hauien/iana hilaarv, l lorencr 
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Spanislj sc i ipt. \\ t it Icn ^ D. 941), probably in the cJioccsr 
oi Burgos, now in Joljn R\ lands Jabrary, Manchester 
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d. Anqlo-Saxon .script. Lindi^^a^ne Gospels, written in 
Norihurribria towards the end of the 7th century, now in the 
British Museum 
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Fir.. 3. pAr.r from joiin slddon’s ‘thf penman's pa» adtsi/ 

Writing book for thr instruction of secretaries and clerks 
(ibijf,). Such books eritrraved on copper t;a\e (he name 
‘roj»per-platc' to clerical sciipl 


(listanre, a profrssional scribe was employed. 
Letter-writing did not become t^eneral till after 
the ibtli century — even then it was restricted 
to the upper classes of society. In the 17th 
century men were the chief correspondents. 
One of the reasons for the scarcity of old letters 
is the lact that posts and messeni^ers were not 
safe from ins})ection, and spies were fiecly ein- 
I)loyed. Men hesitated to set their llioughts 
down upon paper, and when letters were 
w'litten, tliey were destroyed as soon as thc\ 
had been read. Sometimes carelessness about 
letters would result in lifelong inifnisoninent. 

However, the spread of literacy and education 
in the late 17th century among the leisured 
classes in Laigland, and particularly among the 
women of tlie aiistocracy, led to the writing of 
long diaries, private letters, and many everyday 
documents in a beautifully formed handwriting 
(Fig. It w^as only in the 18th century that the 
art of writing became general; study grew 
among all classes, and the introduction of cheap 
postage caused an immense increase in corre- 
spondence. At this time handwriting gradually 
became inlbrrnal, degenerating from its earlier 
clear, regular lettering into penmanship of every 
kind: each person wrote as he found it easiest. 
This degeneration was speeded by the intro- 
duction at the end of the 19th century of the 
lypeuriter, which quickly came into very wide 
use. To-day a great many well-educated people 
cannot write a legible handwriting. 

2. CiRAPHOLOGV. This is a br anch of science 
which attempts, by careful analysis of hand- 
writing, to indicate the personality of the writer. 


In a general way handwriting can offer a record 
of a person’s abilities, problems, and charac- 
teristics. 

A specimen of handwriting is shown to the 
graphologist, who must know the race, age, and 
sex of the writer. The w riting is then minutely 
analysed under numer'ous headings, oi' w^hich 
only the most outstanding can be listed here. 
Flach trait of the wa iting has its corresponding 
personality trait. 

(a) 1 fie ^ones. Writing is divaded into three 
zones, upper, middle, and lower (Fig. ^j). 'J'hc 
upper zone consists of the upper lengths ol 
the letters; the middh' zone of everything on the 
writing line; the hnver zone consists (d tin* Io\vei 
lengths. J'he uf)per zone corresj>onds to the 
intellect, the middle zone to the e\eiyday be- 
ha\iour; the lower zone to the subconscious. 


'upper' ion'e' P V 
LOWERJONtjJ (j 

nc;. 4. TUF ZONIS OF WKIMNC; 

f 

The proportion of the zones is impoitant. The 
.size of the writing is estimated by the middle 
zone of the letters, and shows the wiitei's 
opinion of himself. 













Small si/e, vvrll-pmportionrd zones, liglil pn-ssurc, aiiglt* 
riijiuward, quic'k. Unassuming, well babiHct cl, t^ood niixei, 
energetic 

\^XPer\ L>j(Sru. C 

cJUvvd "to UvvcvO 


CJV\ so tot 


Large size o.ii of proportion to upper and lower zones, 
heavy pn^ssun*, slow. Self-i eniretl, obstinate, slow 
teac lions 

4 

FIG. 5. I III. CHARACTER OF HAMAMIIUNC 
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[b) Movement. This is the way the writing runs 
from the left margin to the right. Here the 
speed is analysed — the way the letters are joined, 
the angle of the writing, the slope of the lines. 
These signs give clues to the writer’s manners, 
temper,* sociability, and speed of reaction. 

{c) Spacing. The general layout of the writing 
on the page is studied; the width of the margins; 
whether the words and lines are crowded or widi 
apart. This relates to the writer’s organization 
of his thought? and emotions. 

{( 1 ) Formation of Letters. Letters may be con- 
ventionally made, original, or artificial, written 
with strong pressure or lightly. The writer’s 
originality, sincerity, and force of character are 
deduced from them. 

Grajdiology can sometimes be of use in the 
selection of emjdoyees, in advising on careers, 
and in (hild-guidance clinics. Kcscarch is in 
f)rogn'ss to see whether physical and mental 
diseases can I 'l^tecled in their early stages in 
handwriting. Study has been made in the 
United States of the writing of people suffering 
horn rheumatoid arthritis, tulx'nulosis, and 
sclii/ophrenia. 

See also W HiiiM. , v PiiAnn. 

HARBOUR, Ports and Harhoiirs. 

HEBREW LANGUAGE. Hebrew is one of 
the gioup of languages known as the Slmitic 
Lanou^CiKs (q.v.), descended from an original 
language sj)oken by th'“ Semiirs (q.v. Vol. I) 
before they wandered Ifom the direction of 
Arabia and spread out over much of the Near 
Last. Tile Hebrews invaded Canaan in the 15th 
century B.c. or later, and their language mixed 
uith that of the Canaanites to form the language 
known as llelirevf. This was also greatly in- 
fluenced bv Babylonian, wliich liad been for a 
long time the international language of the 
Near East. 

Compared \vith Latin and Greek, the vocabu- 
lary of . ancient Hebrew was small ana .ts 
grammar and s<'ntence construction were fairly 
simple. The alphabet consisted of twenty-two 
letters, all consonants. Not until the 6th century 
A.D. were vowel signs added to the Hebrew text 
of the Old Tcstannmt, so that it could more 
easily be read in synag’ gucs and schools. The 
Old Testament and a small number of inscrip- 
tions arc the only surviving written documents 
m ancient Hebrew. 
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Lt'ttrr written on a polshcu] (a substilutr* for the scarce 
papvrus) iroin a solflu-r to his rt^tnmancicr at Laciiish, 
w ith a transliteration in sf|iiarc Ilrbiew charai ters. (^opv- 
iiqht; bv pcrinisiion ol the Trust(‘cs of the late Sir Henry S 
VWlh'orne 

Hebr''w was spoken and written in Palestine 
for mo- than a thousand years. By about 
500 B.c. had come greatly under the influence 
of* Aramaic, a Semitic language closely related 
to Heorew, which wiis wide.spread in the Near 
East at an early date. Some of the late parts of 
the Old Testament, such as Esther, Ecclesiastes, 
and some of the Psalms, show Aramaic influence, 
and parts of the Books of Ezra and Daniel are 
written in Aramaic. By about 150 B.c. Aramaic 
had almost entirely replaced Hebrew as the 
spoken language of Palestine. When Hebrew 
was no longer understood by the general public 
of Palestine, the reading of the Hebrew text of 
the Old Testament in the synagogues was accom- 
panied by the reading of an Aramaic paraphrase 
of the same section. Aramaic was spoken in 
Palestine during Christ’s lifetime, and the New 
Testament, although written in Greek, preserves 
some Aramaic words. It was less straightforward 
than Hebrew and not so flexible as Arabic (q.v.). 
Dialects of Aramaic are still spoken in some 
villages near Damascus, and elsewhere. 
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Hebrew lived on in Palestine as the language rather than a symbolic emblem, marks the differ-' 


of religion and learning, and has, in fact, never 
ceased to be current among Jews. Xhe vocabu- 
lary of the language has been added to through- 
out the centuries to meet new needs, and new 
• types of script have been evolved. Hebrew is 
now re-established in Palestine as a spoken laii- 
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guage. This modern form of Hebrew has its 
roots m the ancient language, but it tends to 
draw more and more upon the vocabularies 01 
European languages. 

Sec also Semitic Languacfs; Languagl Siruciurf. 

Sec also Vol. I: Hi iiRtw Civilization. 

HELICOPTER, fee Rotorcraft. 

HEUOGRAPH, He Light Signalling. 

HERALDRY. Heraldry is better understood 
if it is given its medieval name, ‘armory’, mean- 
ing that it is part of the arms and armour of the 
knight. If we picture this knight of the 12th or 
13th century armed for battle or the Tourna- 
ment (q.v. Vol. IX), his head completely covered 
by his great helm (a larger and heavier type of 
helmet), we shall see how heraldry, or armory, 
came into being. Here was a man going into 
battle, his features hidden, who had to be easily 
recognized by his followers so that they criuld 
rally about him, and by his enemies so that, it 
was hoped, they might be intimidated by his 
known powers and ferocity. 

Part of the knight's armour was a shield. It 
had been customar>^ in many ages for fighting- 
men to show on their shields some device or 
badge either to indicate some personal quality 
(such as a lion for courage or a scr pent for guile), 
or to show that they belonged to sonic allegiance, 
such as the sprig of broom {planta genesta) worn 
by the Plantagenet kings. It was on the shield 
that the knight first depicted some distinguishing 
pattern — and the fact that it was a pattern. 


cncc between the early development of heraldry 
and other systems of identification. Unlike the 
devices shown on Greek shields, this .pattern 
always remained the same, and was the personal 
property of its owner, passed on to his descen- 
dants; a Greek hero, as far as is known, might 
change his shield for one with a different object 
or animal on it — rather, as if the animal acted 
as a charm that would help him in the battle. 

English heraldry has a special language, 
originally based on French words, to describe 
(or to ‘blazon’) a heraldic design. In heraldry, 
the colour red is called ‘gules’, blue ‘azure’, 
green ‘vert’, purple ‘purpure’, black ‘sable’, and 
the metal silver ‘argent’, and gold ‘or’. The 
surface of the shield is called the ‘field’, and any- 
thing placed on the field is called a ‘charge’. A 
very important rule in heraldry, designed so that 
the charges on a shield can easily he deciphered, 
is that colour is never placed on colour, nor 
metal on metal. Thus, if the field is argent 
(silver), the charges on it must be of colour, 
for instance, vert (green) or azure (blue). In 
describing an heraldic pattern the field must 
always come first; thus a very simple pattern of 
a blue field charged with a silver bar across it, 
would be described as ‘Azuie, a bar silver’. 

The early choice of a ( harge was for a simple 
pattern by which different knights could be easily 
recognized — like the trade-marks by which some 
goods arc known to-day. These simple charges, 
such as ‘chief’, ‘pale’, ‘fesse’, ‘saltire’, were called 
the ‘honourable ordinaries’. The field itself 
( ould be subdivided —sometimes into two equal 
parts by a vertical line (‘party’), or by a 
horizontal line (‘party fessewise’) , or into four 
parts by a combination of both (‘quarterly’), or 
by a variety of slanting lines. ^ The lines of these 
ordinaries and lines of partition could liave a 
variety of ornamental edges (suc^ as ‘wavy’, 
‘indented’, ‘engrailed’, and the‘se allowed furthci 
variety ol' pattern {see d iagrarn) . 

Like good modern advertising posters, all 
charges on a shield were simple, easily under- 
stood, and filled the shape well — in other words, 
they made a good design, whether they were 
ordinaries, partitions of the shield, or animals, 
birds, or common objects chosen either to 
symbolize some personal quality that their 
owner hopp'd he possessed, or as a pun upon his 
name. This latter was a very usual reason for 
the choice of some object used as a charge, like 



\hc spear that appears on Shakespeare’s sliield. 
Sometimes the pun is not immediately obvious; 
for instance, the Arundel shield was ‘silver six 
swallows’, explained if we remember that the 
French for swallow is hirondelle. ■ 

All this shows that heraldry had a very prac- 
tical purpose, which is even further emphasized 
when the knight, in order to make himself still 
more easily distinguished, fixed on his helm 
crest. This carried either the same charge (or 
one of the chaises) as on his shield (if one of the 
ordinaries, it would be displayed on a fan of 
parchment). If the charge was some suitable 
subject, such as an animal or bird, it would be 
made out of light wood, covered with tooled 
leather or plaster, and brightly painted. Where 
the crest fastened to the helm, the join was 
hidden by a twist of fabric, often of the chief 
metal and colour of the shield, called the wreath 
or ‘torse’. crown (not indicating any con- 
nexion with royal blood) was sometimes used 
instead of the tciise {see (Uii.oUR Plate opposite 
p. 208). 

When the knights were fighting in hot coun- 
tries, especially on Clrusades, they needed some- 
thing to stop the i ill’s ray^s from beating directly' 
on the metal of IJie armour, and so they wore 
a surcoat over it. As this, too, displayed the 
charge on the shield, the knight did actually 
carry his armory on his coat and so came the 
expression a ‘coat of arms’. For the same n ason, 
there was worn a kind of curtain at the 
of the helm. This, at first, was a simple piece 
of fabric with edges cut into st'ollops (a form of 
decoration used for the edges of most garments 
at this period). Later, these edge: became far 
more deeply cut, until the curtain, called the 
'mantling’, had a very ragged and sla.shed .ap- 
pearance. I’his, jt is said, represented sword 
cuts; but as likely as not it was done for its 
decorative effect, since, the knight galloped, 
it would writhe and twist behind him, giving 
that glitter ofimctal and bright colour so beloved 
by all people of the Middle Ages. 

Now we have the knight easily recognized by 
the charges on his shield held on his shoulder, 
with the helm above carrying his crest, torse, 
and mantling. It was an easy and more or le.ss 
inevitable step for the knight to show a repre- 
sentation of his shield ^ nd, later, of his shield 
with helm, crest, and so on above it) on his 
possessions as a mark of his ownership. This 
combination is called an ‘h»raldic achievement’. 
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111 the early' day's of heraldry only one other 
thir.g was added to it his war cry or the say'ing 
by \\]Ai ’ he might .iKo be known, which is 
called tr 'motto', and is shown written on a 
scroll below the shield, riius heraldry, which 
began by showing who a knight was, grew to 
signify what was his; and his heraldic achieve- 
ment (a coat of aims) w'as displayed over his 
(aslle gate, on many of his posse.ssions, and, 
most important, on his Seat. (q.v.). 

Early in the if^lh century two charges (often 
animals or birds) aj)[)eared on either side of the 
heraldic achievement, as if holding it up. These 
are called ‘supporters' the lion and the unicorn 
of the Royai Arms being a very well-known 
example. There is some uncertainty as to the 
reason for the appearance of siipjiorters. It has 
been suggested that it w^as the scal-cngravcrs 
who, finding they had spaces unfilled on either 
side of the coat of arms when they placed it in 
a circle (the usual shape of a seal), filled these 
spaces ^vith the beast shown on the crest. This 
may well be one of* the 1 casons — for such sup- 
porters for shields were actually to be seen at 
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jousts, where it was the custom for men, often 
grotesquely dressed even as fabulous monsters, 
to hold up large shields showing^^the arms of 
the combatants — rather as the referee now pro- 
claims the names of the boxers before a bout. 

So long as the shield was used in fighting, and 
the crest was worn upon the helm, the pictorial 
representations of them remained practical. 
Rut when the shield went out of use, froirrthe 
1 6th century onwards, the types drawn became 
more and more fantastic in shape, the edges 
being shown as curling about in a way that 
would have been quite impractical on a real 
shield. The drawing of mantling also sho /s that 
its true nature had become forgotten —indeed, 
in the 17th and i8th centuries it took the form 
of leaves and, finally, of seaw'ced. Crests, w hen 
once they had merely to be drawn, and not 
made and wwn upon the helm, also became 
unrealistic — until we find such strange things as 
landscapes with distant view^s, and even sunsets, 
draw'll above the helm. 

In the 1 8th century, \vhen it had been for- 
gotten that heraldry w'as once a practical part 
of the arms and armour of the fighting man, 
romance crept in -and writers gave to all the 
simple charges, such as the ordinaries, many 
ingenious meanings quite unknowm to the 
medieval heralds. A (harge was sometimes 
declared to have been granted to a man because 
he had some particular virtue — when he had 
probably chosen the charge himself because it 
W'as not carried by anyone else, or in some cases 
because it was a pun upon his name. In the 
early days of heraldry, if the same charge was 
chosen by different men, tlie matter had to be 
settled either by arbitration or by a joust, the 
loser having to make a fresh choice. 

In the reign of Richard III the College of 
Arms was founded to put the w^hole business of 
heraldry on an organized basis; and from then 
onwards the granting of arms w'as in the hands 
of the Heralds of the College, or of the King. 
To-day the Ckillegc of Arms grants all coats of 
arms in England; and though shields are no 
longer carried, nor crests worn upon lielms, the 
arms that are designed have again much of 
the outlook of the medieval herald. 

Soc also Vol. X : Armour. 

HIEROGLYPHICS. I’he word means ‘sacred 
carving’ — the name given by the Greeks to the 
ancient Egyptians’ pictorial symbols, carved or 
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painted on their public stone monuments, tombs,* 
and temples. The w'ord is now also used of other 
pictorial writings, such as those of the ancient 
Hittitks, Mayas, and Aztecs (qq.v. Vol. I). 

Eg>^ptian hieroglyphics began w iili crude pic- 
tures of natural things, such as the sun^ moon, 
plants, parts of the human body, and animals. 
Later the same kind of symi;ols also came to 
express more complicated ideas — a symbol of 
a limb or organ of the body might represent not 
only the limb or organ but alsQ its activity; a 
symbol of the legs would not only mean ‘legs’ 
but it would also mean hvalking’; or a symbol 
of the ey'e w ould mean ‘seeing’. Abstract ideas 
could also be expressed —the eye with tear- 
drops, for instance, indicated ‘crying’ or ‘sad- 
ness’. As time went on the symbols became 
more ingenious — the arm represented ‘strength’, 
the eye ‘judgement’, and the hand ‘authority’. 
All such pictorial symbols are known as ‘ideo- 
graphs'. 

This w'ay of writing could not express certain 
parts of a language, such as the w’ords ‘he’, ‘she’, 
or ‘it’, or^personal names, or the dilfercnt gram- 
matical endings of words sueh as ‘clanc-er, 
danc-ecl, danc-ing’. So some synibols were 
chosen to represent sounds. They were still 
pictorial; for instance, the picture of a house 
would indicate the sounds ‘p-r’ in any word, 
because the Egyj)tian word for a house was ‘pr' 
(its exact pronunciation is uncertain). Symbols 
of this kind, since they were given a sj)eririi 
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I. Heaven, sky, what is above. 2. Nii^ht .sky with star, 
darkness, nivhi. 3. Sun. sun god Ra, day, time. 4. Moon, 
moiiih. 5. Oi'd or divine person. 6. Pray, worship, praise. • 

DETERMINATIVCS 
EXAMPLrS OF HIEROGLYPHICS 



Value as sounds, or phonetic 
value, are called ‘phonograms'. 
They represented only conso- 
nants: a«phonogram could con- 
sist of three, two, or even one 
consonant. Those which were 
pictures of a word of one con- 
sonant came in time, of course, 
to be used like the single letters 
of our alphabet; but they were 
rarely used ii^cpendently of 
the other symbols. Indeed, the 
ideographic and phonetic sym- 
bols were used together by the 
Eg)7)tians I'roin a very early 
time. As early as ijooo r.c. the 
hieroglyphic writing contained 
about twenty-four signs indica- 
ting the sound of a consonant. 
The script was, however, much 
more eoriipli<^”»ted, because, to 
make the meanings clcarei (to 
indicate, for instance, whether 
a ]M('lure is to be read ideo- 
graph i cal ly or phonetically;, 
signs called ‘d( tenninalives’ 
were used. These were pic- 
tures drawn after tlie word to 
be explained (or ‘determined’), 
but the) were not ‘spelled’. For 
instance, a picture lepresenting 
a man with raised hands, was 
the determinative of adoration, 
invocation, and prayer, and it 
was drawn after the words hav- 
ing the meaning of ‘adoration’, 
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‘invocation’, or ‘prayer’. A picture representing 
a man with a long beard was the determinative 
for ‘gods’, ‘kings’, 91’ ‘august persons’. 

Hieroglyphics were carved on monuments, 
but were too* diflicult to use as handwTiting. 
Therefor e n simple fiirm w^as devised, known as 
‘hieratic’ or ‘priests” writing. This included, 
like the hieroglyphic writing, signs represent, g 
whole W’ords, signs for two consonants, signs for 
single consonants, and also determinative sym- 
l)ols. Hieratic wa iting continued to grow simpler, 
until by the 7th century n.c. a style called 
‘demotic’ or ‘people’s’ waiting was in common 
use. All resemblance t< the old hicrogl>7)hics 
• had gone, and a whole group of hieratic signs 
would be joined together in a demotic sign. 

, lanes of the early hieroglyphic script could 


be written in any direction- - even vertically — 
though normally they were writ ten from right 
to left; neverllicless we aKvays waatc it from left 
to light. The ‘priests’ s( ript was first written 
vertically but later wars written from right to 
left. T’hc‘people's’ script was written from right 
lo left. 

Ill recent times men have tried to decipher 
the aiu ient scripts. At first they failed; the 
writing was thought to be simpler than it really 
is: th'- pictures waae taken as drawings of real 
things rather than symbols. Early in the 19th 
century scholars began to guess that some of the 
signs must represent sounds, and after various 
scholars had studied the problem, the writing 
w'as finally deciphered by the French scholar, 
Champollion. He examined a broken piece of 
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black stone which had been found in Egypt, and 
which was covered on its one flat surface with 
three kinds of writing. The upper part was 
engraved in hieroglyphics, the next part in 
‘people’s script’, and the lowest part in Greek. 
With the help of the Greek text he interpicted 
the rest, though obviously he also made use of 
the previous achievements of other scholars, such 
as Dr. Thomas Young of Cambridge. The black 
stone, which is of basalt, is one of the treasures of 
the British Museum; it is known as the Rosetta 
stone from the place at which it was found. By 
its aid, the language and .scripts of ancient 
Egypt have been made clear to the wo: 'd, and 
much light thrown on histor)\ 

See al5»o Writing. 

Sfc also Vol. I: Egyptian Civii ization. 

HIGH-ALTITUDE FUGHT enables aircraft 
to move at high speeds for long distances with 
efficiency and economy. For that reason modern 
air-liners in peace and bombers in war are 
designed to fly high. Indeed, the whole histors^ 
of aviation has shown a striving for height, even 
before men knew its usefulness. 

The reason for the greater speed is that at a 
height of several miles the air is very thin, and 
offers less resistance to an aircraft. If you take 
a small flag on the end of a stick and whirl it 
round your head a few times, you will find that 
the quicker you whirl it the greater the resistance 
of the air; if you whirl it violently, something 
seems to be tugging at the flag to prevent you 
w'hirling it faster. This is the fiiction of the air, 
or ‘drag’. Every aircraft in the sky has to face 
this drag all the time, and much of its engine 
power is used up in overcoming it. Motor-cars, 
trains, ships, and aeroplanes are all affected b\ 
it, but as an aeroplane moves faster than othei 
kinds of transport, it feels the drag most. At 
ground-level the drag is greatest, whatever the 
speed of travel, beeause at ground-level the air 
is thickest, or most dense. Air, like everything 
else, has weight. At ground-level a cubic foot 
of air is heavier than a cubic foot of air lo miles 
up in the sky ; the reason is that at ground-level 
each cubic foot of space is more thickly crammed 
with particles of air. At a height of 7 miles above 
the earth, air is less than one-third as dense as 
at the ordinary ground-level; at a height of 10 
miles, the density is only a little more than one- 
seventh of what it is on the ground. Therefore, 
if an aircraft flies at a height of several miles, 
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there arc far fewer particles of air up there, and 
far less drag is felt against the sides of the cabin 
and the top and bottom surfaces of the wings. 
Speeds are increased without there being any 
need to increase the size of the engine or to 
increase the amount of fuel used. 

Although speed is the chief advantage of high- 
altitudc flight, there arc other advantages. At 
heights greater than ao,ooo feet, most of the 
fogs, storms, and other bad weather of the Iowtt 
atmosphere are left behind. Alcove 35,000 feet, 
which is the region of the earth’s upper layer of 
air known as the stratosphere, there is no change 
in temperature for a con.siderable distance. All 
the way up from ground-level to the stratosphere 
the temperature falls rapidly; at 35,000 fec't the 
permanent temperature is about 100 degrees ol 
frost. At such great heights the direction and 
speed of the w'inds are steady and can be fore- 
told. Like the captains of sailing-ships who could 
rely on the Trade Winds to blow their .ships in 
directions which never varied, so air-pilots can 
m«ike use of regular winds when flying in the 
stratosphere on certain routes. It was thought 
at one time that no violent disturbances of tin 
air took place at all at great heights a matter 
of great importance to aircraft, w hich suffer a 
great increase in the stresses and strains imposed 
on their structure when they fly through gusts 
,It is known now, however, that severe gusts do 
.sometimes occur even at high altitudes. 

Far more interest has been taken in higli 
flying since ‘pure jet’ gas-turbines have come 
into use. The propeller or airscrew^ the older 
means of propelling an aeroplane, is somewhat 
at a loss at high altitudes because the spinning 
airscrew cannot grip the thin air so well. Be- 
sides, a piston engine driving an airscrew may 
weigh six times heavier than a ‘pure jet’ engine 
carrying out the same task. When flying neai 
the ground, particularly on rathcF slow journeys 
and over short distances, the airscrew engine is 
much more economical. At high altitudes, lor 
flying fast and far, the ‘pure jet’ is most successful 
{see Aircraft Engines). 

Navigation in the stratosphere has learnt 
much from military aircraft. These machine.s 
fly high because they are less likely to be found 
by an enemy, because they can fly faster, and 
because they can reconnoitre large stretches of 
territory by infra-red photography (see Suu-. 
VEYING, Vol. VIII). The height also gives 
them plenty of rodm for diving, by which th^y 
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an increase their speed for aitack or defence, 
liviJ as well as inil\ary aircraft, if flying high, 
avc a much wider choice of a landing-place in 
an emergency, for the much longer time taken 
in descent gives time to make a choice. From 
a height of 10 miles a modern aeroplane can 
glide for over 100 miles with its engines out of 
action; it may take nearly half an hour to do so 
and the pilot can still guide its course by using 
the rudder and other controls 

When an aeroplane is flying at a great heie.ht, 
supplies of air must be pumped to the passengers 
and crew to enable them to breathe normally. 
Oxygen, which is part of the air we breathe, is 
essential for life, as the proper working of every 
cell in the body de*pends on it; the brain-cells 
would cease ^o function *’i 1 minute without 
it. If one flew at the comparatively low height 
of 10,000 feet (2 miles up) without taking extra 
oxygen, one’s body would begin to be affec' d 
after about an hour; among other symptonis, 
one’s judgement vould become unbalanced. At 
heights of 20,000 feet and over, symptoms would 
occur in a few minutes, and would lead to sleepi- 
ness, complete unconsciousness, and even death, 
unless more oxygen were breathed in. 

For those reasons the cabins containing pas- 
sengers and crew of high-flying aeroplanes arc 
pressurized. Air under pressure is forced into 
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the cabins by electric pumps, and, however high 
the aircraft may be flying, the air inside is kept 
at a density which would be natural at an alti- 
tude of 5,000 to 8,000 feet. On being drawn 
into the pumping system from outside, the air 
is first circulated through silencers, so that the 
hissing sound of its entry into the pumps shall 
not dist a ’ > passengers. Then its temperature 
is ad juste- and it is slightly moistened, if neces- 
.sary, to make it like ordinary air at ground- 
Icvel. "^he temperature can be raised oi lowered ; 
at certain very high speeds, in denser air, the 
sides of an aircraft are made so hot by the ‘drag’ 
of the air tearing past that the cockpit has to be 
cooled by a refrigerator; yet in the thinner ah 
of the stiaLOsphere, as we know, there is intense 
frost, and air must be heated before it can be 
breathed. The temperature mechanism, there- 
fore, must be sensitive. 

Each passe. .ger needs about i lb. of air a 
minute ; but if some passengers arc smoking, the 
air will need changing more often. Therefore, 
2 lb. of air a minute are usually pumped in, this 
being equivalent to 26 cubic feet a minute for 
each person. Most parts of the pressure-pump 
system and the devices for regulating the mois- 
ture and temperature of the air are automatic, 
and can be left to adjust themselves; but tlic 
flight-engineer or other officer can control them 
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if necessary. Essential parts are duplicated in 
case of mechanical failure. The used air is 
gradually allowed to escape from the cabins 
while new air is taken in. 

Since the lives of the passengers and crew may 
depend on the right pressure of air being main- 
tained in the cabins, it is important that no air 
can leak out of them. All windows and doors 
are designed with care so that they are absolutely 
air-tight when closed. Even rivet holes must be 
sealed up. The fuselage itself is specially built 
to withstand the internal pressure against the 
walls of the aircraft. 

Although the air-pumps can create an a*'ti- 
ficial pressure of air in the cabins equivahiit 
to an altitude of 8,000 feet, no matter what the 
real height of the aircraft is, this pressure must 
be reached by slow degrees, or the passengers 
will feel discomfort. The human body can stand 
without inconvenience changes in pressure equal 
to a rise or fall of 300 feet a minute, and the 
pumps must adjust pressures accordingly, even 
though the aircraft may be climbing or falling 
five times as fast. (A quicker rate of change is 
not dangerous to a healthy person; a normal 
rate of fall with a parachute is 1,200 feet a 
minute.) 

Flights at medium altitudes can be made 
without a pressurized cabin. At about 10,000 
feet a passenger may inhale an occasional whiff 
of oxygen from a small tube held in tlic hand 
and connected to an oxygen container. Air- 
liners on short European journeys carry oxygen 
lor use in this way, in case they are forced up 
to a medium altitude to avoid storms or moun- 
tains. At greater heights a face-mask which 
holds a pipe of oxygen to the nose and mouth 
can be worn in an aircraft without cabin- 
pressuring plant. Above 20,000 feet the absence 
of normal air-pressure would cause strain to 
various parts of the body, and it is necessary 
to have a pressurized cabin or to wear a pres- 
surized suit. 

A pressurized suit is an air-tight, flexible suit, 
with a helmet for the head and a glass window 
for the eyes; it looks a little like the suit worn 
by Divers (q.v.), but is much lighter. A pressure 
pump forces air into the suit at tht right pres- 
sure for breathing, the air being kept as warm 
and moist as it would be at ground-level. 
Pressure suits were used earlier than pressure 
cabins, as they are easier to make. The suits 
still have certain advantages in war-time, when 
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there is a risk of pressure cabins being punctured 
by enemy gun-fire. A man in a pressure suit 
makes a smaller target, and is less likely to be 
hit; if there arc two airmen in pressure suits 
in an aeroplane, one man may become a 
casualty from gunfire, but the other may survive, 
also SupLRSONic Tligiit; Speed. 

See also Vol. Ill: Atmosphere. 

HIGHWAY CODE, "see Road Traffic Con- 
trol. 

HIGHWAYMEN. Throughout the centuries of 
slow travel, when roads were bad and travellers 
were in constant danger of losing their way, or of 
failing to reach their destination before nightfall, 
highway robbery was a common and piolitable 
crime. People rarely travelled long distances 
unless they were on urgent business, which 
meant that they were worth robbing, as they 
were probably carrying money or goods. In the 
Middle Ages attacks by robbers were so common 
that it was almost out of the question to travel 
far alone. Merchants and pilgrims went in 
bands, armed with swords or cudgels. In 1285 
laws were passed to prevent robbers from lurking 
in ambush at the roadside, ready to beat and 
rob the passers-by. By a statute of Edward 1 all 
hedges and thickets bordering the roads had to 
be cleared back for a distance of 200 feet. Land- 
owners who neglected this law were liable to 
a fine, and were held responsible for any crime's 
committed on their land. The danger points 
were roads which joined two market towns, or 
which crossed parks: these last had to be cleared 
or enclosed by hedges, w'alls, 01 ditches. 

The criminals were of many different kinds: 
there were labourers who had deserted the 
farms; outlaws liable for the death penalty per- 
haps for some small offence; and disbanded 
.soldiers who could not find work. Often these 
took to the w oods and made a living by robbing 
wayfarers. Robin Hood and his men, outlaws 
w'ho lived in Sherwood Forest m Nottingham- 
shire in the 13th or 14th century, were probably 
highway robbers of this kind. The chief criminals 
were often, however, the barons, who used to 
.send out bands of knights from their castles to 
waylay rich travellers, whom they robbed or 
held to ransom. These bands were often joined 
by stray vagabonds, w^ho found it easier to work 
under a leader. 

One notorious^ medieval robber was Sir 




DICK TURPIN SHOOTING TOM KING 

Woodcut from a series illustrating Turpin's supposed ride to \’ork 


(Jossclinc Driivillr ol Northallerton, in the reign 
of Edward 111 . Ih* led a band which plundered 
houses as well as robbing on the highway. lie 
is said to have attacked the King himself. Sir 
(losscJinc was outlawed, and was finally cap- 
tured and hanged at York without a trial. 

'riiroughout the 14th, 15th, and 16th cen- 
turies robbery and murder were common on 
the roads, especially after wars abroad, for many 
of the robbers were returned soldiers who were 
used to a lifc^of pillaging, and disliked regular 
work even if they could find it. Chaucer, the 
14th-century poet, is said to have been twice 
robbed in one day, while travelling between 
London and Eltham Palace. The robbers would 
frequent lonely exposed places, such as heaths 
and commons, and would often compel the 
traveller to cut across a common by blocking the 
roads with a fallen tree or some other obstacle. 
Favourite haunts in the i6th century were Salis- 
bury Plain, Shooter’s Hill at Blackhcath near 
f-.C)ndon, Newmarket Heath, and Gadshill near 
Rochester. This last was th^ scene of the high- 


way robbery by Ealstafl* and his friends in 
ShakespearL Ilemy 1 \\ Pait One. 'I'his, in 
which the g.' .ig set upon the tiavellers and stole 
their horses, was probabU a faithful jneture (d'the 
happeniiigs of that time. Even inns were unsafe, 
for many highwaymen used them as their head- 
quarters, and the inn servants who were often 
in league with them would pass on information 
about the guests. The highwaymen would 
entertain lavishly to ingratiate themselves with 
the travellers, even offering to act as guides. 

In the 17th century travid became much more 
general, and private coaches and stage wagons 
began to be used. To this j^eriud and to the 18th 
century belong the famous highwaymen, many 
of whom worked alone and who wti c somew hat 
dilTcrcnt in character from the footpads and 
vagabonds of previous ages. One man could 
hold up a coach, whereas it had needed a band 
to deal with a straggling train of travellers and 
pack-horses. Many of the highw aymen became 
the subject of ballads, broadsides, and chap- 
books (little books of tales sijld in the street), 




HIGHWAYMEN 
which, of course, exaggerated and romanticized 
their exploits, turning them into p()])ular heroes. 
Their attacks upon the rich caused them to be 
presented as the champions of the poor. In 
actual fact the highwaymen were hardly gallant, 
although it is probably true that they left the 
very poor alone, finding them hardly worth 
robbing. It is also true that they rarely went 
as far as committing murder. Many of them 
tried to live up to their popular reputation by 
adopting eccentric tricks or clothes. Their trials 
and executions were often in the nature of public 
performances, in which the highwaymen would 
give a display of bravado. Many of them m,»dc 
speeches before they were hanged. 

One of the earliest of the famous highwaymen, 
Gamaliel Ratsey, took to highway robbery after 
his return from the Irish wars in 1603. He was 
the hero of several ballads, which told the story 
of the jokes he is supposed to have played on his 
victims. Once, for instance, he made a Cam- 
bridge scholar deliver a learned oration before 
he robbed him. Ratsey was masked and appar- 
ently presented a fearsome appearance. He is 
mentioned by Ben Jonson in his play. The 
Alchemist, He was captured and hanged at Bed- 
ford in 1605. 

The Civil War ^period and the years immedi- 
ately following the Restoration of the Monarchy 
in 1660 produced many notorious highwaymen. 
The tradition, found in much romantic litera- 
ture, that the highwayman was often a gende- 
man by birth, began at this time, probably 
because in certain cases dispossessed cavaliers 
took to the road in an attempt to revenge them- 
selves on the Parliamentarians. The most famous 
of the Royalist highwaymen was Captain James 
Hind, who frequented the roads near London 
with a band of followers. He is said once to 
have attacked Cromwell. Another famous high- 
wayman of the period, who came to England 
after the Restoration from fighting abroad, was 
John Nevison (sometimes called William and 
nicknamed ‘Nick’) who frequented the roads of 
York, Lincoln, Durham, and Nottingham. He 
was finally captured at an inn near Wakefield, 
and was hanged at York in 1685. It is he who 
is believed to have actually made the famous 
ride to York on a black mare, popularly attri- 
buted to the later highwayman, Dick Turpin. 
The story is that Nevison, wishing to prove an 
alibi for a robbery at Gadshill, rode to Graves- 
end, which he reached at 4 a.m., crossed by boat 


to Essex, then rode to Gambiidgc and Huntings- 
don, and arrived at York, where he appeared 
at the bowling green, at 7.45 p.m., having 
travelled 190 miles in 15 hours. For this he 
became known as ‘Swift Nick Nevison’. The 
story of a ride along the Great North Road at 
the end of which the horse dropped dead is, 
however, a local legend which has probably 
been attached to several different characters 
besides Nevison and Turpin. 

Another highwayman who came to England 
after the Restoration, and about whom there 
grew up many legends, was a Frenchman named 
Claude Duval. He had a great reputation for 
gallantry to women, and is said once to have 
danced a coranto on the heath with a lady 
whose coach he had stopped, finally robbing 
her and her husband of only 100 of theX40f^ 
which they carried. Duval, when still in his 
twenties, was captured at an inn called the Holc- 
in-the-Wall in Chandos Street, London, and was 
condemned to death and hanged in ibbg. He 
was buried behind Covent Garden churchyard, 
and his epitaph runs: 

Here lies Du Vail; reader if male thou art 

Look to thy purse, if female, to thy heart. 

A 1 7th-century pamphlet, said to be a recan- 
tation of his evil life by a highwayman named 
John Clavel, describes some of the conditions 
under which the highwaymen worked. Clavel 
advises travellers not to go out on Sunday, as 
highwaymen preferred to work then, knowing 
that the law as it then stood would allow no 
redress to travellers for an assault committed on 
that day. For crimes committed on weekdays 
the traveller could claim against the town where 
the crime took place, if the criminal was not 
caught, and therefore he had no difficulty in 
raising a hue and cry. Clavel also advises night 
travel, for the highwaymen preferred to work 
during the day, for to be away from their lodg- 
ings all night might easily arouse suspicion. 
Travellers on horseback, he writes, should go in 
single file at intervals of 100 yards \^hen they 
would be less easy to surround. 

The danger of highway robbery became so 
serious in the 17th century that in 1642, in order 
to encourage the public to help in the capture 
of robbers, an act was passed offering rewards 
which included the property of the highwayman. 
In the early i8th century, however, highway 
robbery was still a^ serious a menace, especially 
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during periods of general poverty and unem- 
ployment. Not only travellers but also toll-gate 
keepers and postmen were attacked. Highway- 
men regularly frequented the heaths and com- 
mons within reach of the London slums, espe- 
cially the Glare Market area, now replaced by 
Kingsway, where they used to go to dispose of 
their stolen goods. Many of them had head- 
quarters in the taverns, llie Beggar’* s Opera^ 
• written in 1 728, which burlesques the idea of the 
romantic highwayman, shows a band of robbers 
who meet in a London tavern and speak in the 
jjpecial slang or ‘thieves’ cant’ which was thcii 
secret language [see Slano). 

I'he most famous of all highwaymen, Dick 
Turpin, belongs to this period. In 1738 he took 
up with a certain Tom King whom he shot in 
what he claimed to be an accident. King, how- 
ever, before he died, betrayed Turpin, who fled 
to York and became a horse thief under the 
name of John Palmer. He was hanged in the 
same year for stealing a black mare and foal. 
"1 urpin was a great character in contemporary 
ballads and also in later romantic literature, 
notably Harrison Ainsworth’s novel Rookwood, 
Although many deeds, such as the ride to York, 
arc probably falsely attributed to him, the stories 
of his coolness at his trial are probably true, and 
lie certainly gave £% i oj. to five men to follow his 
cart to the gallows as mourners. Stories of cool- 
ness and bravado at his trial are also told of 
Jeriy Abershaw, hanged in 1795. He put on 
his own hat as the judge put on his black cap, 
and is said to have spent his time in the con- 
demned cell drawing pictures of his exploits on 
the wall with cherry juice. Jack Rann, a high- 
wayman known as ‘Sixteen-string Jack’ because 
of the eight coloured strings he wore at each 
knee, appeared at his trial in a pea-green cos- 
tume, his hat decorated with silver string. 


As travelling conditions improved, the acti- 
vities of highwaymen decreased. The faster 
coaches on better roads were less easy to hold 
up. Also as the banking system and use ol 
cheques developed, people carried less money 
about with them, and robbers did not make such 
profitable catches. Footpad robbery and general 
lawlessness were far from being rooted out; but 
by the end of the i8th century the single high- 
wayman, the hero of the popular ballad, had 
almost entirely vanished. 

See also Roads, Britlsh; Stage Coach. 

See also Vol. X: Outlaw. 

HINDUSTANI LANGUAGE, Indian Lan- 
guages. 

HORSE-POWER, see Vol. Vlll: Horsi- 

POWER. 

HORSE TRANSPORT. Prehistoric man first 
valued horses for their flesh and for thcii hides. 
But lor at least 4,000 years man has used horsis 
lor Hunting [sec Vol. IX), for Gavai ry fcj.v. 
Vol. X), for working on the land [see \^ol, \ 1), 
for various kinds of sport and recreation [see 
Vol. IX), and for transporting himself and his 
possessions from one place to another. It is with 
this last use of the horse that we are concerned 
here. Of all the various animals used as Bi' \sts 
OF Burden (q.v.) at different times and in differ- 
ent place horses are perhaps the most im- 
portant, a* east in Europe. The horse is an 
intelligent and docile animal, easy to train, and 
it combines strength and speed. 

Horses \ ^ere used for pulling things lone 
before they were ridden. When they were first 
domesticated we do not know, though it was 
probably the wandering tribes of Central Asia 
who first made use of tliem for transport. Horses 
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]^rom an engraving by David Loggan (1635-1692) 
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CARTS AND CARRIAGES IN THE I9TH CENTURY 


were certainly used as early as 2000 b.c:. by the 
Babylonians to pull war chariots, and they were 
introduced for the same purpose to Egypt about 
1675 n.G. by the Hyksos, the conquering shep- 
herd kings from Syria. Obviously an army able 
to move at a horse’s speed had a great advan- 
tage over one confined to foot soldiers. The 
ancient Greeks, we know, used horses for riding, 
and had some mounted soldiers. The Romans 
used horses a great deal, both for their chariots 
and for riding. Travel by horse was well 
organized, and it was common to cover 70 miles 
a day by changing hired horses at certain 
regular Inns (q.v.). One Roman Emperor was 
said to have ridden 200 miles in one day on one 
occasion with, of course, relays of fresh horses. 
In Roman times, however, horses were not used 
for the slow moving of goods or for farming; 
the beasts of burden used for c.ac:h purposes 
were oxen or .slaves. The horse was needed 
when speed was required as well as strength. 

By the 7th century stirrups were being used, 


adding considerably to tlie comfuit of tlic rider. 
On long journeys a gait known as ‘.niibling’ — 
somcthiiig between a trot and a canter— was 
kept up for long periods; this gait still persists in 
countries, such as Peru, wdiere long journeys on 
horseback arc undertaken. I^uiing the Middle 
Ages, though oxen were still tlie main draught 
animals, the horse as a beast of burden became 
more and more important. ’I’wO types of horse 
developed: one was tlic heav}' type capal)le of 
carrying a I’ully armed knight, or, towards the 
end of the Middle Ages, of pulling in strings of 
five or six the heavy, clumsy coach then coming 
into use; the other was the small sturdy pack- 
pony. Riding was for many hundreds of years 
the ^normal way of travelling. By the end of the 
1 6th century the mails (30 lb. maximum) were 
carried from London to Edinburgh on horse- 
back {see Post Office, History of). Remark- 
able long-distance rides were frequent— as when 
Sir Carbery Pryse in 1693, bearing urgent news 
of a lawsuit, rode.jrom London to Gogerddan 
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ir? Cardiganshire, more than 200 miles, in 48 
hours. 

The pack-horse, carrying its burdens bound 
on its back, was a vital means of tiansport, 
especially during the i6th and 17th centuries 
when the roads were often so bad that it was 
almost impossible to take any kind of wheeled 
traffic along them {see Roads). Pack-horses and 
pack-mules were used for transporting nearly 
any type of goods, and remained quite indis- 
pensable until the end of the i8th century, when 
the improvement of the roads and the coining 
of the railway made them no longer necessary. 
I’rains of fifty horses or more, laden with goods 
and led by a horse wearing a bell, whose sound 
they could follow, might be met with on any 
road in Europe. They carried trusses of hay or 
corn to the barns, or loads of manure to spread 
on the fields; they carried bales of raw wool to 
the ports, and sacks of grain to the mill and flour 
from the mill; they shifted coal from the mines, 
and bricks and stones from tlie kilns and quarries; 
they carried the travelling merchant’s wares and 
baggage of the ordinary traveller. I^ong strings 
of tliem, tied nose to tail, wound along the pack- 
men’s routes, which, together with their inns 
and bridges, may still be seen in some places, 
'fliey generally travelled in groups for protection 
against robbers on the road. 

With the improvement of the roads under the 
1'l’rnpike system (q.v.) in the late 17th and 
i8lh centuries the Carriage, and especially the 
Stage Coach (qq.v.), became important ways 
of travelling; and so a strong, light horse, able to 
cover the ground at a good pace, was reejuired. 
The heavy medieval horse, too slow for the new 
ways of travel, found a place on the farm, w hen*, 
by the i8th century, horses had almost entirely 
rc'placed oxen for ploughing and other farm 
work {see Horses, Farm, Vol. VI). The coach 
liorse was a tiandsomc animal, much like a 
modern weight-carrying hunter. High-stepping 
horses for pulling tlie light two-wheeled curricles 
\vere popular with the 1 gth-century gentlemen 
fashion, arid trotting horses for riding were also 
bred, principally in Norfolk. Speed records 


with these were set up, one horse being recorded 
as having trotted 1 7 miles in 56 minutes. 

The coming of the horse-drawn omnibuses 
and trams in the mid- 19th century provided a 
further use for horses. The first horse-drawn 
Bus (q.v.) ran in London in 1829. The horses 
were changed four or five times in the day, and 
their working life was from 5 to 7 years. By the 
beginning of the 20th ccntuiy, just before the 
motor-bus began to supersede tlie horse-bus, 
there were /jOjOOo of these horses in London 
alone. T he hist liorse-drawn trams appeared in 
New York in 1832, and were being introduced 
into England by the i86o’s. They were drawn 
by two horses, with a third, known as a ‘cock 
horse’, added for steep hills, llie horses woie 
bells on their head-harness to give warning of 
their apprc3ach. By 1880 the three London tram 
companies had between them 4,178 horses; but 
by 1915 the last horse-tram had disappeared. 

The mechanization of transport has practical!) 
removed horses from the road. 1’he carriage has 
almost vanished, the powTrllil great commercial 
dra) -horses arc replaced by lorries, the w^ork of 
the pit-pony is done by a machine, the doctor 
does his rounds in his car instead of on his cob, 
the milk is more often delivered w'ith a motor- 
van or electrified hand-truck lllian wa’th a milk- 
cart and pony. In 1 924 there w’ere still i ,892,200 
honses on the road; in 1948 there wttc onl) 
0 1 2,000. The use of the horse is becoming al- 
most enli»' 1^' confined to sport and pleasure. 

.See also B I soi Rurdln. 

Srr also \’(). II: HoRSL. 

Set* also \ ol. \'I : HoRSLS, F \rm. 

Sec also \ ol. IX: Horsis; Horsi Ra(inc, ; Hidino. 

See also \'o'i. X: (Cavalry. 

HOSPITAL TRAIN, see Tk mns, Special LXi s. 

HUNGARIAN LANGUAGE, .so* Finnish and 
Allied Languages. 

HYDROGRAPHY, see ChiARTs. Sie also Vol. 
VIII: Hydrography. 
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ICE-BREAKER. 7 his is a special ship for 
forcing a way througli ice. Ice-breakcrs are now 
part of the normal equipment ol ports, .nainly 
in the Baltic Sea and Canadian waters, which 
habitually freeze up during the winter months. 
They smash the ice as it forms, and so keep 
the ports open to ordinary shipping for longer 
periods than would otherwise be possible. 

All ice-breakers are designed on the same 
principle, and work in the same way; the front 
of the ship slides up on to the ice and so crushes 
It with its weight, and the broken ice is forced 
under the icc-helds on each side. By continually 
mounting and crushing the ice in this way, the 
ship gradually cuts a channel through the ice, 
and cargo vessels can follow into or out of the 
port. Ice-breakeis must be very strongly built to 
stand the strain of the work. They arc equipped 
with powerful engines, usually steam driven, and 
the propellers and rudder are specially pro- 
tected against damage by the freed ice. A 
modern ice-bieaker can crush ice-fields up to 
30 feet in thickness. 

Sec also Discovlry I, 

ILLUSTRATION. While most pictures, so far 
as they represent an incident, can be said to be 
illustration, the true illustration, as we under- 
stand it to-day, is meant to decorate, develop, 
or comment on a printed text or caption. The 
ancestor of the modern illustrated book wa'^ 
the Illuminated Manuscript (q.v. Vol. XII) 
In this the text was handwritten, and the illus- 
trations were drawn on the pages of the book 
When printed books began to displace the manu- 
script in the second half of the 15th century, 
the tradition of decorated pages and full-page 
illustrations was taken over, but with great 
simplification of method. The illustrations were 
engraved either on wood or copper, printed in 
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black, and sometimes tinted by hand. Pi lifts 
from these wood-blocks, or copper plates, were 
often sold separately as cheap pictures, and a 
tradition of making separate prints, independent 
of text, grew .up. They were often called ‘broad- 
sides’, a word used by the early piintcrs to 
describe a sheet printed on one side only. 

A great initial stimulus was given to illustra- 
tion by the Reformation. In 15 ii Albrecht 
Durer, the German artist, pi oduced tw^o classicy 
of illustration, the Great Pa:>mn and the Little 
PassiOHy which told the story oTthe life of Christ 
in w^oodcuts made vividly real to the spectator 
by the inclusion of contemporary costume and 
detail. These two scries of pictures were widely 
circulated, and filled a useful purpose among the 
masses of people unable to read, but able to 
follow in pictures a story they knew very well 
These picture stories of Diner’s are the fust 
printed ancestor of the modem comic stiip 
Holbein the younger and Lucas Cranach also 
produced illustrations and cai toons in suppoil 
of the Lutheran Reformers. The work of these 
artists was propagandist in purposes, and much 
of its strength springs fiom the artists’ urge to 
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niake simple direct statement. Italian illustrators 
of the same period produced work of great 
decorative charm, but without the vigour and 
purpose of the Northern artists. 

From these beginnings illustration keeps pace 
with the development of Printing (q.v. Vol. 
VII). Wood-engraving, copper-engraving, etch- 
ing,* lithography, and photography were to be 
used in turn in succeeding centuries. 

• Little book-illustration of high quality was 
produced in the^ 17th century; but it must be 
irmembered that Remlirandt produced his 
e tchings in that century, and they made ordinary 
woodcuts seem very crude. The influence of 
Rembrandt’s etchings, because of their lucid 
realism and dramatic power, is by no means 
over even to-day. 

Improvement in manufacturing techniques in 
the 1 8th century provided more paper and 
machinery; and so it became worth while for 
artists and printers to make better illustrations. 
The French school of engravers produced book- 
illusti ations and separate prints of an elegance 
and polish which have rarely been equalled 
since. In England William Hogarth produced 
engravings as well as paintings which describe 
vividly ilie way people behaved in the i8th cen- 
tury. He was at his best with a story to tell in 
pictures; several series of engravings from his 
paintings satirize the life of his period. In Spain, 
at the end of the century, Goya produced Lo^ 
('aprichos, a scries of acjuatints with captions 
v\hich, themselves influenced by Rernbiandl, 
had a strong influence on later illustrators. 

In 1798 Alois Senefelder invented Ijlhograpln% 
a new method of printing from stone which 
made the modern poster a practical possibility. 
{See PRoctss Reproduction, Vol. VII.) 

By the beginning of the igth century illustra- 
tion had begun to play a j)art in the lives of 
people of all classes. Lower printing costs made 
possible the production of cheap children’s 
alphabets, broadsides illustrated with crude 
Uoodcuts, and advertising handbills. Increasin' 
skill made ‘possible the production of richly illus- 
trated works on natural history and on scientific 
and technical subjects. The political broad- 
sides, drawn by Row landson, Gillray, and others, 
were bought from print-shops much as a maga- 
zine is bought to-day, and folios of these prints 
were passed from family to family to provide an 
evening’s entertainment. Ballads and broad- 
sheets were sold by strect-hawikers, and the same 
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PAGE I ROM WILLIAM HI AKP’s ‘sONGS OF INNOCl Nil 1781) 
Lrigrav. * • y Blak* on copjxT b\ a special process 

illustiation often did dut\ for more than one 
sentimental song or desciiption of a Iwxnging. 

But by th*" i8‘^o's the ]^olitiral bioadside was 
dead. Inci easing niimbeis of people were able 
and eager to read. The first popular illustiated 
peiiodical, 7 he Pen?iy Afas^azirie, w'as published ii. 
183J, and l)> the end of that year was selling 
200,000 copies a week. New novels were pub- 
lished in weekly parts and weic illustrated as a 
matter of course. 

William Blake had been, years before, the 
flx-st British engraver to pioduce book illustra- 
tions of exceptional quality. Now George 
Cruikshank, who started life as an engra\cr of 
political bioadsidcs, began to make outstanding 
illustrations for novels. By his mastery in both 
realism and fantasy, he made British book- 
illustration a fresh and lively art. His con- 
temporaries, Richard Doyle, ‘Phiz’ (Ilablot K. 
Browme), and John Leech, contributed to this 
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LYCrUM THEATRE POSTER DESIGV BY THE DrOGARSTAFI' BROTHERS TO ADVERTISE SIR HENRY IRVINO’s PERFORMANCE 


new school of illustration. They drew for the 
newly founded weekly paper, Punchy and they 
illustrated the first hooks of Charles Dickens 
which were published in monthly parts. These 
artists were distinguished by their imaginatKe 
understanding of picture in relation to story. 
When drawings began to be printed within the 
text, instead of appearing on a '^parale page, 
the artists were able to create a unity between 
the piintcd matter and the tone and pattern 
of the drawing. 

The illustratf d newspaper began to appear in 


the 1840's, and soon the artist-reporter was at 
work. The drawings, which these artists made 
on the spot fthe Crimean War and the Exhibi- 
tion of 1851 were the first major events to be 
recorded), were reproduced with astonishing 
skill by the wood-engravers of the period. The 
artists developed to a high degree the ability to 
produce convincing pictorial reports of events. 
Though they were later displaced by the camera, 
the tradition remained. 

At first the 19th century had been remarkable 
for the way in wiiich the technique of wood- 
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Aigraving developed. Later, following the in- 
vention of Photography (q.v. Vol. VII), came 
a number of photo-engraving processes, which 
are the methods used for the mass production of 
printed illustrations to-day {see Process Repro- 
mrcTioN^ Vol. VII). 

As the printing presses and processes dc- 
vefoped, the character of illustration became 
more lavish. Lithographed song covers in six 
•or seven colours were not uncommon; etchings 
and colour plates were bound into novels; wood- 
engravings of exceptional size and detcril were 
produced for the weekly newspaper. Ingenious 
valentines and Christmas cards were on sale, 
and the artists seemed bent on cramming as 
much detail as they could into their illustrations, 
liut by the end of the century a reaction took 
plac e under the leadership of William Morris 
and Walter Crane. Morris printed books in 
^vlli( h the illustrations tended towards the sim- 
plicity of the early Italian book illustrations. In 
the ina’ -’^^ed by this move towards 

simplicity, a young artist, Aubrey Beardsley, 
used line and Hat black masses to produce a new 
kind of illustration, simple yet subtle, and ideal 
tor reproduc tion by the new photo-engraving 
methods. 

At the same time laige-scale production of 
prinic'd posters l)ecame possible. In this ficdd 
the French led the the early French posters, 
by artists such as Toiilouse-Lautrcc, Stcinlen, 
Forain, and Chcrct, were simple, brilliant in 
colour, and forceful in their message. By the 
turn of the century such poster-dc.signers as 
James Pryde and his brother-in-law, Sir WillinTii 
Nic'holson (who chose to be knewn as ‘the 
Beggarstaff* Brothers’), John Hassall, and Dudley 
Hardy, had made the first steps to establishing 
a poster traditioi] in England. To-day the 
designing of posters calls for special talents in 
the handling ^)f colour and jiattern {see Posiers, 
Vol. XII). The poster was the first advertising 
technique to .make use of gifted artists; but 
since then the whole field of advertLsement h. 
opened up to the illustrator. All types of work 
are called for, ranging IVoni technical illustration 
io abstract design, from the simplest diagram to 
lilc most ambitious painting. 

The modern illustrator tends to be a specialist. 
His work is usually very pr ''sonal in style, and 
he usually confines himself to the perfection of 
his work within his chosen sphere — whether it is 
l ealistic magazine illustratioif, decorative illustra- 


tion for books, technical drawings, newspaper 
cartoons and comic strips, or children’s books. 

Sec also Booiys, History of. 

See also Vol. VII: Process Reproduction. 

INDIAN LANGUAGES. The great majority 
of the inhabitants of northern India speak lan- 
guages which belong to the same family as 
English {see Indo-European Languages). The 
language from which these descend was brought 
into India from the north-west at a very early 
period, probably about 1400 b.g., by one branch 
of the Indo-Iranian group of the Indo-European 
speakers. These people, who arc usually referred 
to as the Indo-Aryans, were a vigorous and war- 
like people, living on their flocks of animals. 
Their religious hymns, which have been pre- 
sei'\^ed in the great collections known as the 
Vedas, arc among the oldest specimens of any 
1 ndo-Europeaii language which have come down 
to us {see Indian Civijjzations, Vol. I). Some- 
where about 400 H.U., the language w^as fixed in 
its classical literary form by the composing of 
a grammar by a scholar named Panini, and 
under the name of Sanskrit (q.v.) it has con- 
tinued through the ages to l)e the univei*sal lan- 
guage of learning in India, playing much the 
same pail in India as LatiYi did in Europe. 
Alongside the fixed classical language, however, 
tlie common language of the people continued 
to develop, and just as from popular spoken 
Latin (‘vi'Mr’ Latin) llierc grew in course of 
time the .ri(ms Romance languages such as 
French and Italian, so in India the popular lan- 
guage \ as gradually split up into a number of 
local dialects, from w^hich the modern northern 
Indian languages are descended. 

llie oldest Indian inscriptions which have 
survived, the proclamations made in the 3rd 
century ii.c. by the Emperor Asoka (q.v. Vol. V), 
show a form of the language w'hich had already 
changed a good deal from Sanskrit. In later 
inscriptions and literature we find several later 
languages developed from Sanskrit, which are 
know n 1 )} the general name of Prakrit (popular) 
dialects. The language of the sacred books of the 
southern Buddhists, Pali, is really an old form of 
Prakrit, though the name is not usually applied 
to it. The latest stage of the Prakrits forms a 
bridge to the modern Indian languages, the 
most important of w^hich are Bengali, Oriya 
(spoken in Orissa), Hindi, Kashmiri, Punjabi, 
Sindhi, Gujarati, and Maiathi. Although widely 
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separated from the others geographically, Sin- 
halese, spoken in the southern half of Ceylon, is 
also Indo-Aryan. 

Urdu is an important language, like Hindi in 
its grammar and structure, but, being spoken 
by the Moharnmcxlan population, it has been 
built up from the Arabic and Persian spoken 
by the early Moslem invaders, and is written in 
Arabic script. Urdu means the ‘language of the 
camp*. Literary Urdu and literary Hindi have 
become very much more different from each 
other during the past century, so that they really 
deserve to be ranked as distinct languages. 
Nevertheless, a compromise between the two, 
understood by speakers of either, has always 
been used for everyday speech, and this form of 
the language, known as Hindustani, has often 
been suggested by Indian political leaders as a 
common language for the whole of India. Since 
the formation of the two separate countries of 
India and Pakistan, Urdu has naturally been the 
official language of Pakistan, while the govern- 
ment of India decided in 1949 that Hindi would 
in the future be the official language of India. 

South of the region of the Indo-Aryan lan- 
guages, and occupying most of the Deccan 
peninsula is the Dravidian family of languages. 
These, spoken by some 60 million people, 
as against over 200 million speakers of Tndo- 
Aryan languages, are not related to Indo- 
European. They have, however, borrowed large 


numbers of words from Sanskrit. The most im^ 
portant are Tamil, spoken in the extreme south- 
east of India and in the northern half of Ceylon; 
Telugu, to the north of Tamil; Malayalam in 
tlie extreme south-west; and Ganaresc, or 
Kannada, to the north of Malayalam. Brahui, 
spoken in Baluchistan in north-western India, 
is also Dravidian. 

In addition to these;, two main families of 
languages, the Munda languages (Mundari, • 
Santali, Ho, and a few others) spoken in the 
regions 'west of Calcutta, probaLly represent a 
family of languages which was formerly more 
widely spread. Finally, along the foothills of the 
Himalayas and in Assam are found a number of 
languages related to Chinese (q.v.). 

See also Language, History of. 

See also VoL 1; Indian Peoples. 

INDO-EUROPEANLANGUAGES. The name 
‘Indo-European’, which is given to the large 
family of languages to which English belongs, 
is at first sight a little misleading, since it might 
be supposed to include all the languages ot India 
and Europe. In fact, several European lan- 
guages, for example, Finnish and Hungarian, 
and several Indian languages, for example, the 
Dravidian languages of South India, belong to 
quite different families; and some Indo-Euro- 
pean languages, such as Persian or Armenian, 
are^ at home neither in India nor in Europe. 
The name, however, has become established as 
a technical term. Other names that have been 
used in the past are Indo-Germanic and Aryan. 
The latter, however, strictly refers to the Indo- 
Iranian or eastern subdivision of the Indo- 
European family of languages only, and is now 
seldom used. 

Scholars have discovered that some consider- 
able time before 1500 b.c. — how long before is 
uncertain — there must have existed a relatively 
small tribe, speaking a language which we may 
call ‘primitive Indo-European’. No records of 
this language have come down to us, and its 
existence can only be inferred from a comparison 
of its daughter languages. 

The main subdivisions into which the primi- 
tive Indo-European language has in course of 
time been split up arc: the I ndo- Iranian or 
Aryan group, itself subdivided into Indo-Aryan 
(including Sanskrit and a large number of more 
recent Indian Languages) and Iranian (seff 
Persian and Allies) Languages) ; the Hellenic 
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group, or Greek; the Italic group, of which 
the most important member is Latin, with 
its daughters, French and other Romance Lan- 
guages; ^the Germanic Languages, to which 
English belongs; the Celtic group (see Welsh, 
Gaexjc, and Irish) ; the Baltic languages 
(Lithuanian and Latvian or Lettish) and the 
'nSSfely related Slavonic Languages (qq.v.). In 
addition to these, Albanian forms a distinct 
.member of the family by itself, and so docs 
Armenian. Two important discoveries of the 
present century* have added to the family the 
ancient Hittite language (q.v. Vol. I) and 
Tocharian which flourished in Chinese Tur- 
kestan rather more than i,ooo years ago. 

Jjee also Languaoc, Misiory oi'. 

INDONESIAN LANGUAGES. Over 8o mil- 
lion people Jiving in the East Indies, the Malay 
Peninsula, Madagascar (off' the east coast oi 
Africa), Formosa (near China), and many small 
islands in the Indian Ocean and China Seas 
speak Indonesian languages. There arc a great 
many separate languages, but not all have liccn 
recorded. These languages differ a great deal — 
so much so that it is not always possible for a 
person who usually speaks one ol ihem to undci- 
sland easily any other. 

The commonest Indonesian language is 
Malay, which is spoken by about 40 million 
people, and used as an international language 
in much of the East Indies. It is one of the 
easiest languages in the world to learn a little 
of— enough, for instance, to go shopinng with — 
for, like English, it has few rules of grammar 
I’hc meaning is shown by the order and group- 
ing of the words, instead of by inflexions, that 
is, changes in the words themselves. As one 
learns more, however, one realizes that Malay 
is so full of close shades of meaning that no 
foreigner can ever speak it as a Malay does. 
Many of its words are borrowed from Arabic, 
Persian, and Chinese (qq.v.). 

• Many Indonesian languages have native 
alphabets 'of their own, derived from Indian 
forms introduced into the islands about a thou- 
sand years or so ago, and adapted for local use. 
Of these the most important is Kawi, or Old 
Javanese, in which the earliest inscription is that 
at Dinaya, dated a.d. 760. 

The Indonesian languages have caused many 
changes in the Oceanic Languages (q.v.), and, 
generally therefore, the two groups are usually 
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studied together. Many of the commonest words 
in Oceanic languages have been borrowed from 
the Indonesiaps, who made long voyages among 
the islands of the Pacific about 2,000 years ago, 
long before Europeans had discovered the exis- 
tence of these islands. Groups settled in many 
of tlie islands and conquered the people whom 
they found there. 

Sec,also Language Structure. 

Sec also Vol. I : Indonesians. 

INK. The word itself comes from the Latii* 
encaustum (because it ‘burnt in’), the name of the 
purple ink used by the Roiriaii erniierors. It 
now covers two distinct substances: writing and 
printing ink. 

I. Writing Inks (black and blue-black). 
Writing inks are liquids in w'hich a colouring 
matter is present in some form. Before 2000 b.g. 
the Chinese and Egyq^ti^ns had prepared a black 
ink b> mixing soot, w'ater, and gum, and forming 
(hem into a solid cake, w^hich was probably 
used like a modern w^atcr-colour paint. Their 
invention made writing a much easier process 
than it had been before {see Writing Instru- 
ments). An ink similar to theirs, called Indian 
ink, is used to-day for drawing maps and plans. 
But carbon inks easily becoiAe thick and clog 
the pen, and by the 1 7th century a new writing 
ink was being used in Europe. It was coloured 
by the combination of tannic acid, got from 
the bark trees, w^ith an iron salt. Modern 
inks are in j with these ingredients, but pre- 
cautions are taken to keep them clear, and a 
blue dye *s added to heighten the colour. Lasting 
clearness is, of course, essential to ink w^hich is 
stored in a fountain-pen. The ink used in the 
modern bail-point pen {see Writing Instru- 
ments, Section 2) generally has an oil base, and 
is mainly composed of chemical solvents. Great 
care is taken to purify it after manufacture, as 
the most minute particle of dirt would clog the 
ball point. 

Other kinds ol writing inks are coloured inks, 
made by dissolving dyes in water, and indelible 
inks, chiefly used for marking clothing, one 
form of which is made by dissolving a salt of 
.silver in water. Invisible inks, for sending secret 
messages, are generally made from substances 
w^hich develop colour when heat or another 
substance known as a reagent is applied to them. 
Simple examples are milk and lemon juice, 
W'hich respond to heat, and rice-water, w'hicb 
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was widely used during the Indian Mutiny of 
1857, and which is developed by iodine. 

2. Printing Inks. These ar^ thick pastes 
which consist of a pigment ground into a varnish, 
to which a dryer is added. The varnish itself 
hastens drying and also binds the colour to 
the paper. The origins of printing ink are as 
remote as those of writing ink, for the ancient 
Chinese knew how to print from wood-ljlocks 
{see Chinese Civilization, Vol. I). When the ai t 
of printing was introduced into fLurope in the 
middle of the 15th century the early printers 
used an ink consisting of lamp-black mixed with 
boiled linseed oil. This formula continued to 
be used for several hundred years, but re cntly 
new methods of manufacturing printing ink 
have been developed, and different kinds arc 
made for different purposes. A wide variety 
of pigments is used, and inks foi newspaper 
printing contain instant-drying varnishes made 
from petroleum. 

See also Handwriting; Papfr, Priming, History of 

INNS, The name ‘Inn’, which has the same 
origin as the words ‘in’ and ‘wathin’, means 
simply a place within w'hich the traveller may 
find food and shcjtcr. The word oiiginally also 
meant an ‘abode’ or ‘place of residence’, being 
often applied to a country nobleman’s town 
mansion. Inns of Chancci y were sets of buildings 
in London originally used as hostels and places 
of study for law students. 

In Biblical times and countiies certain roads, 
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such as the road from Damascus to Jerusaleifi, 
were so busy that some provision had to be 
made for the merchants using them. Shelters 
were built, called khans if they were ngar towns, 
but caravanserai if they were in the open country. 
"I he shelter was square in shape, with its rooms 
facing on to a central courtyard, reached by a 
gateway under a defensive tower. Each room 
provided space for the traveller, his servants, 
and their laden camels and asses; but all* 
travellers had to bring and prepare their own 
food in the courtyard. Such a k)ian at Bethlehem 
had no room for Mary and Joseph at the birth 
of Christ. 

Along the Roman road inns called iabernae or 
cauponae were found at intervals of about a day’s 
journey by horse. St. Paul, going as a prisoner 
to Rome, w^as met on the road from what is now 
called Brindisi at the Three I’averns- an im- 
portant stopping place. Only poor people spent 
the night in these comfortless buildings, sharing 
with soldiers the bread and wine sold thcie. 
Innkeepers were not always respected, but the 
law made them responsible for the safety of 
their guests’ slaves and belongings. 

With the fall of Rome, travelling became more 
dangerous, and the few daring wayfarers passed 
the nights in monastciies or castles. In the 
villtigcs the ale-house soon appeared, distin- 
guished from other cottages by the bush 01 
garland attached to a pole sticking out fiorn a 
window, a Roman sign that wine was sold. 1 he 
ale-house did not provide accommodation. T he 
monks, upon whom the duty of charity was 
imposed, entertained rich or distinguished guests 
within the monastery; but for the humbler 
travellers ‘God’s inn’ provided a guest house, 
sometimes on the outskirts of the monastic 
buildings, where food and ^a straw pallet in a 
common dormitory might be obtained. As 
Pilgrimages (q.v. Vol. I) to famous shrines 
became more popular, monastic hostels weie 
placed along the pilgrim ways. .Traces of some 
of these still survive, as in the George at Glaston- 
bury and the hostel of God-Bcgot at Winchester. 

The inn of the later Middle Ages, like 
Chaucer’s Tabard Inn at Southwark, possessed 
its sign, hanging in the wind for all to see {see 
Inn Signs). Its host cared diligently for the 
comfort of his guests, serving them with bread, 
meat, and beer. Even so, the travellers did not 
expect single rooms; the rush-strewn dormitory 
with its straw pallets was the rule. The names of 
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inns of this pciiod icflcct the trade and travel 
()l tiu time Ihe Woolpack and the Fleece tell 
of our staple tiadc in wool, the Packhoise re- 
minds us that roads were too deielict to allow 
CIS} passage for the cumbersome carts Othcis 
bcai names horn lh( crests of local larnihcs of 
importance, such as the Wy^cin and the 
C heque is 

By the end of Queen Elizabeth’s leign a great 
advance had been made Some of the disused 
monastic hc«;tels had been taken o\er and 
brought up to date Glass windows were begin- 
ning to appear, and carpets occasionally le- 
plac ed rushes on the floors In the cobbled ion 
yard the travellei’s horse was walked by the 
ostler, who would rub him down and feed him 
well Whether the guest supped at the common 
table or m a private room, he was likely to find 
clean table-linen, china, and cutlery, even forks 
recently introduced from Italy, and a variety of 
foods and wines 

Some of the inns of the period had a some- 
what doubtful reputation hcJwever, servants and 


hosts were often m league with bands of highway 
lobbers who learnt from them of the piLsemc 
of gedd in die travellers’ luggage, and so pre- 
paic d to attac k them on then ne\t di) s journey 
(jce IIlGHWAYMbN) 

borne inns were famous for the good company 
that met there Shakespeare supped at the Mer- 
maid 111 Bread Street in London, for instance, 
and a host of famous Elizabethans enjoyed the 
comfort of its panelled rooms English inns 
wcie considered better than those of the Conti- 
nent because it was said in England the host 
was servant to the guests and abroad he was 
master Shakespeaie has created the fncndlv 
atmosphere of the English mn for us, and 
thousands must have echoed lalstaff’s words, 
‘Shall I not take mine ease in mine mn^’ 

The next great age of the English mn came 
with the building of the Turnpike roads (q v ) 
and the days of coaching The typical mn was 
still built around the mn yard, fiom which the 
mail and Stage Coaches (q v ) started their 
journeys or rumbled off with fresh horses, after 
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a delay long enough to enable the passengers to 
warm up before the log fire, and to sample the 
host’s wine or beer. Innkeepers at first would 
often allow only inside passengers on the coaches 
to be served in the dining-room, while the out- 
side passengers were fed with the coachmen and 
post-boys in the kitchen. 

After some agitation by travellers in the cany 
19th century, innkeepers were persuaded to pro- 
vide a row of jugs and basins in the hall so 
that the dusty passengers could wash. Upstairs 
massive ‘furniture filled the roonis, and the wax 
candles (five shillings extra) showed up only a 
little of the dust in the corners. The mail coachejs 
and stage coaches often started at dawn, and 
so passengers stayed at the inn the night before 
their journey. On busy roads from London the 
inns kept large numbers of horses, at Hounslow 
over 2,500, for the use of coaches. Some inns, 
such the Red Lion at Barnet, were reserved 
for private posting only, and at these luxury 
inns the rich traveller might have to pay as 
much as six or seven shillings for his dinner, a 
sum equivalent to about lOJ. to-day. Such 
a dinner in 1820 might consist of soup, eels or 
freshwater fish, a roast fowl, a saddle of mutton, 
bread, and cheese. Wine was extra, though ale 
was served as a regular part of the meal. 

By 1826 coaching inns had reached the peak 
of their prosperity, for within the next ten years 
the railways drew away a great deal of* trail ie 
from the roads. Old and famous inns had to 
close; for fifty years the rambling passages of the 
inns were almost empty; while in their place 
arose the new and often dingy Railway Hotels. 
Then came the age of the bicycle and motor-car, 
and travellers began to come l>ack to the roads. 
Demand for accommodation increased. Enter- 
prising landlords hung out signs which said at 
first ‘stabling for motor cars’. *More inns opened ; 
guest houses and ‘road houses’ arose to supple- 
ment them. More and better service was given 
by innkeepers who still were, and are to-day, 
as were their medieval forerunners, bound to 
receive, lodge, and feed travellers as long as they 
have room available. 

Sec also Hursk Transport. 

See also Vol. VII: Hotel Indlstry. 

INN SIGNS. When most people were unable 
to read or write, pictures were used to draw 
attention to tne wares of traders Trade Signs, 
Vol, VII) and to-clay inn signs arc one of the 
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few remains of this practice. The early sign ol 
an inn in England was a pole decorated with 
branches and leaves. This gave rise to the 
proverb ‘Good wine needs no bush' (or advertise- 
ment). The bush sign may have been a legacy 
Irom the Roman occupation, for we know that 
the Romans used a bush to indicaTe an inn, 
although they also used names such as Ad Rotarn, 
‘The Wheel’ (which remained a popular sign 
for hostelrics in the Middle Ages'), and Ad 
Galluniy ‘The Cock’ (which is still popular). 
There are, many sources for the paintings on 
inn signs. The earliest is the arms of emblems 
of noble families who regarded the refreshment 
of travellers as one of their duties, and who 
their arlns outside their ‘inns’, as their town 
mansions were known. Hence many inns display 
heraldic arms {see Heraldry) of the principal 
landowner in the district, or of a family whom 
the landlord admired or to whom it was ex- 
pedient to show loyalty. So there may be found 
the Red Lion of Lancaster, the White Hart of 
Richard II, the Talbot (a kind of hound) of the 
Earls of Shrewsbury, or the Eagle and Child 


of the Stanley family. In lime the word ‘anns’ 
came to be added to the name of a public house 
or inn ^ n when there were no arms involved 
at all, as. it instance, the Cricketei's’ Arms. It 
was felt to add tone and dignity to the house. 

The Church also has left its mark on inn signs, 
since it, too, in the Middle Ages catered for the 
needs of travellers. The Bell is the sign with 
an ecclesiastical origin which occurs most fre- 
quently, but there are many others —the Cress 
Keys (ol Si. Peter), the Mitre, or the Salutation. 
From the last of these have come, by an inter- 
esting transformation, the Angel and the Flower- 
Pot. Originalb' the sign showed the Virgin and 
the Angel GaPiiel, but in the Puritan times of 
the 17th century the Virgin was painted out, 
leaving only the Angel; or the Virgin and the 
Angel w^ere removed leaving only the Virgin’s 
sheaf of lilies, to which later a flower-pot was 
added to complete the fancied picture. 

Since members of Craft Guilds (q.v. Vol. 
VII) often made inns their meeting-places, it is 
natural that many inn signs trace their origins to 
trades, as, for example, the Axe and Compass (of 
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the Company of the Carpenters), the Dolphin 
(of the Watermen’s Company). Here, again, 
there is an interesting corruption. The Vintner’s 
Company marked their swans a nick on 
either side of the beak, but in course of time the 
^ swan with two nicks is represented as the Swan 
with Two Necks. • 

Later on national and local figures and events, 
which have stirred the imagination, have been 
(ommeinorated in inn signs: for instance, the 
sign of the Saracen’s Head commemorated the 
Crusades, the Royal Oak, the hiding of Charles II 
in the oak tree, and signs with portraits com- 
memorate great generals and admirals such as 
the Duke of Wellington and Lord Nelson. In- 
ventions also have been commemorated by inn 
signs, such as the sign-paintings of air-balloons 
or railway locomotives. Trades, particularly 
agriculture, and typical English sports and 
games have all supplied subjects for signs — a fox 
and hounds, a plough, a harrow, a wagon and 
horses, a horse and Jockey, a cricketer. In recent 
times the portrait of a particular exponent ol' 
a sport (Lord Burghley, the hurdler), or of the 
winner of a famous horse-race (Blenheim, the 
winner of the Derby of 1930) have been the 
subjects of inn-signs. 

Not all signs can be explained by any of the 
origins suggested here. Some have been bor- 
rowed from older signs to whicli they have no 
real claim; some are imitations based on cailier 
models; the explanation of some depends on 
expert local knowledge; while others arc j)Iays 
on the original sign ( i ^s. for the 'Ehrce Crowns) ; 
and again others can only be explained as 
probable corruptions of earlier signs. But it is 
not always so easy to reconstruct the original 
name as it is in the case of an inn-sign in the 
Cotswolds, where an ill-informed correction of 
a local family name, Murimuth, a member of 
whom was the chronicler of Edward Ill’s time, 
produced the Merry Mouth. 

See also Inns; Place-names. 

INTERNAL-COMBUSTION ENGINE, 

Motor-Car, History of. See also Vol. VIII. 

INTERNATIONAL AIR CONTROL, jfi? 

Civil Aviation. 

INTERNATIONAL BROADCASTING. In 

most countries broadcasting was started as a 
way of providing information and entertain- 


ment for the people of that country. Soon many 
Governments decided to broadcast as well to the 
peoples of foreign countries in their own lan- 
guages. The chief aim of Governments was to 
make their national viewpoint attractive to 
other peoj>le. In the early years of wireless the 
Soviet Union set out to broadcast to as many 
parts of the world as it could reach. Later me 
German Government of Adolf Hitler broadcast 
regularly to groups of people of partly German 
ancestry who were living in countries near Ger- 
many; the broadcasts tried to persuade them 
to agitate against those countries in favour of 
Hitler. In the years just before the Second World 
War broadcasts directed from various lands at 
the peoples of other lands greatly increased. An 
early agreement was made by the nations that 
none of them would broadcast in the language 
of another {see Wave-lenoiiis), but the rule was 
widely broken. In the end almost all nations 
took to making foreign broadcasts, each stating 
the views of its own Government and its own 
version of the wwld's news. 

It is for those reasons that broadcasts to other 
countries are paid for by the Government of a 
country that sends them out. It is only foi 
broadcasting to home audiences that warelcss 
stations get money directly from the public, either 
through listeners’ licence fees or through adver- 
tising {see Broadcasting History). 

Britain made its first non-English broadcasts 
in January 1938, w hen the air w:\s already lull 
of international arguments in many languages, 
rhe only overseas broadcasts from Britain before 
then had been the ‘Empire service’ in English 
to parts of the Commonwealth which, after 5 
years of experiment, began in 1932. 

The first foreign B.B.G. .service, set up by 
Government request, was in Arabic; the Arab 
j^coplcs had heard much propaganda from the 
German and Italian Governments^, then hostile 
to British policies. Very soon the B.B.G. began 
broadcasting to South America in Spanish and 
Portuguese. After the important conference at 
Munich in Germany, between the Britilsh Prime 
Minister and the rulers of Germany and Italy 
in September 1938, Britain began broadcasts 
in French, German, and Italian. Services in 
various languages were greatly increased at the 
outbreak of war in 1939; ^he height of the 
war the B.B.G. was speaking in forty-eight lan- 
guages; every day ten overseas services, includ- 
ing 200 news bulletins, were issued. 



* The Ov(‘rscas Services of !!rV|||BR3[yB|||| 
the B.B.C. are now a perma- ' 
nent feature of broadcasting. 

More thrill forty languages 
are regular use. Not all 
the broadcasts are in foreign 
languages; many pro- 
^ammes are for English- 
speaking parts of the 
•Commonwealth. 

Programmes for overseas plHHpHRaj'^ 

services are, on the whole, T L 

rather shorter than home ' K^fT' 

programmes. British listeners 

have fairly regular habits, BPF[|j A ■ '// 

but an overseas broadcast ||||||B^I;.;, . / 

may be heard in remote ji 

parts of Asia by people who 

will not have the patience 

to long to a pro- |RmR^|RRR 

gramme from Britain. The 

speed of speech the micro- 

\ r I A< iials wUli rclicclu 

phone IS slower than lor home 

broadcasts, and the trans- 
mitting station must announce itself (as This L 
liOndon’) more often. 

To ensure that a programme is bioadcas. 
wlicn most listeners are free to hear it, which is 
often a meal-time, planners of programmes must 
take account of the dillinenccs in local time 
round the w^orld. If Britain w'ants to offer 
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a foicign city, such as Paris, Brussels, or The 
Hague. 1 n many parts of the wwld programmes 
I'rom the B.B.C. Overseas Services arc regularly 
rcbroadcast, particularly by stations in the 
Coinmon\v(‘ah[i. As most people listen to their 
local stations on a medium wave-length, as this 
is the easiest for the ordinary set to pick up, a 


listeners in Sydney a news bulletin at 6 p.m. 
local time, it must be broadcast from Britain at 
b a.in. (rrcenwich Mean Time, as the time in 
Sydney is lo hours fast on Grccnwach (fer 1 'imk, 
Vol. III). When one programme is intended for 
several countries, or for several time-zones in one 
l.irgc country, it can sometimes be recorded, and 
then repeated w'hen the best listening time come\s 
lound in each lirne-zonc. When Summer 'lime 
l)egins or cncls in an overseas country, special 
care must be taken to alter the times of trans- 
mission from JJritain. This may not be easy ii 
tlie engineers’ transmission apparatus is ahead 
fully occupied at a busy hour. 

(3ne important outcome of this nation-to- 
nation activity is rebroadcasting — the picking- 
up of a programme from elsewhere for trans- 
mission in the local programmes of the receiving 
country. This is only rarelv done in Britain — 
as when, for instance, the B.B.C. home pro- 
grammes rebroadcast an important concert 
which is being broadcast at <hc same time from 


larger a^’^i-nce can hear the prf)gramrnc. An- 
other dev. for reaching a large audience is the 
‘outpost’ station, such as the British Ear Eastern 
Broadcasting Service at Singapore, run by the 
B.B.C. to supply a wide area. A B.B.C. unit in 
Colombo, Ceylon, supplies certain programmes 
for the transmitters of Radio Ceylon. 

Many broadcast programmes arc sent out 
from Britain in the shape of gramophone records, 
which are sent to local stations in countries all 
over the world, and transmitted by them at 
their convenien ce. 'Ehesc recordings of broad- 
casts in Englisii and many other languages are 
known as ‘transcriptions’; thousands of them arc 
exported every week. 

The needs of overseas service have led the 
B.B.C. to continue a ‘monitoring’ service, begun 
during tlie war; its duty is to listen to broadcasts 
from other countries and to note any statements 
which would help tlie B.B.C. editors who are 
preparing news for broadcasting overseas. 

One form of foreign-language broadcast has 
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no relation to national policies; this is the use of 
a radio station for commercial advertising. In 
Britain the B.B.C. is forbidden the terms of 
its charter to allow any advertising to be broad- 
cast {see Broadcasting Corporations); there- 
fore some stations on tlie continent of Europe 
accept money to broadcast British advertisers* 
announcements; and to make sure that some 
British listeners will hear the announcements, 
they organize regular programmes of entertain- 
ment in English, including, if possible, well- 
known British entertainers. 

See also Broaocastino, History of. 

INTERNATIONAL LANGUAGES. D iring 
the Middle Ages, Latin, which was spread 
through Europe by the Church, served as an 
international language for the western world. 
It was not only written but also spoken in 
monasteries, churches, the universities, and the 
law courts. It remained an international 
medium for learned and scientific purposes till 
well on into the 17th century. For instance, 
Milton wrote Latin prose and verse as easily as 
English, and even felt that he ought to put 
Paradise Lost into Latin, so that it should live! 
But after the Reformation Movement in the 
1 6th century, whioh was a movement aw'ay from 
the Church of Rome, new national churches 
grew up in which the native language was used 
and learned men began to write in their own 
languages as well as in Latin. Soon, however, as 
advances were made in scientific thought, there 
was a need for an international language in 
which to express the new ideas, and philosophers 
such as Descartes and Leibnitz set to work to de- 
vise one. At the end of the 1 7th century French 
was replacing Latin as the language of culture: 
it was accepted as the diplomatic language, 
and was used in ‘polite society’ throughout 
Europe. In the 19th century, as British com- 
merce and colonization spread across the globe, 
French slowly gave ground to English; in the 
20th the rapid growth in power and population 
of the United States and of the British Dominions 
gave English an absolute superiority, which the 
wide distribution of American films helped to 
confirm. English is already the regular daily 
speech of more than 200,000,000 people. 

But these figures, large as they arc, do not 
mean that English is universally understood; 
and when it spreads very far from England it 
becomes changed in pronunciation and con- 


struction, for it is affected by the speech -habits 
of peoples accustomed to other tongues and 
different ways of thought. The American Eng- 
lish Language (q.v.) is in many ways unlike the 
English spoken in England, and each Dominion 
has its own peculiarities of pronunciation, its 
own methods of expression, and its own voca- 
bulary. In general, however, it can be said 
English-speaking countries share the same 
grammar and roughly the same stock of words. , 
The fact that much ol the vocabulary of English 
is shared with the Germanic Languages (such 
as German and Dutch) or adopted from the 
Romance Languages (such as French and 
Italian) (qq.v.) is helpful to foieigncis familiar 
with these tongues who try to learn it. The fact 
that its grammar is simple is also an advan- 
tage, though this is perhaps countei balanced 
by the fact that its spelling is not uniform or 
regular. 

Few people now believe that it is possible or 
even desirable to abolish native languages and 
replace them by an international language -no 
matter whether that language be chosen from 
the existing tongues or artificially created. But 
many people feel the need of an ‘auxiliary’ or 
‘secondary’ language which could be used by 
everyone for various forms of international com- 
munication. During the last hundred yeais 
several artificial languages, most ol them based 
on existing languages, have been devised in the 
hope that they might meet this need. The best 
known of them are Esperanto, announced by 
Dr. L. L. Zamenhof in 18B7, and the cumber- 
some Volapuk, put forward by J. M. Schle^ei 
in 1880. Esperanto builds words by adding 
affixes or additions to a number of one-syllable 
stems, which are generally derived from one or 
other of the European languages; it has only one 
auxiliary verb — the verb to be; all singular nouns 
end in -o, and all plurals in -j (as in biidoj - 
birds). It is perhaps not quite so cumbersome as 
Volapuk, which claims to be based on English, 
and in which the opening words' of the Lord’s 
Prayer are ‘O Fat obas kel binol in suk parsala- 
domoz nemola’l But its pronunciation is not 
easy, and some of its words arc grotesque forma- 
tions. Less eccentric than cither system is 
Zachrissm’s Anglic, which is merely English 
written in a partially phonetic spelling. 

Critics of international language sometimes 
claim that even if one language were widely 
adopted, difi'erencp of stress and intonation 
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€ilonc might eventually cause it to develop along 
different lines in different countries; and even 
the written form would probably be affected by 
local idioms and usages. In any case, whatever 
practical usefulness may be claimed for artificial 
languages, it must be paid for by the loss of 
certain’ qualities of flexibility, richness, and 
BJaictness that are most necessary in, for example, 
international negotiations. 

The same criticisms can be brought against 
the most recent, and in many ways the most 
reasonable, attempt at an international lan- 
guage — Basic English (q.v.) (British American 
Scientific International Commercial). The ad- 
vocates of Basic realize that it cannot be a sub- 
stitute for Standard English (q.v.). For some- 
one beginning to learn English, Basic may prove 
a useful first step, but the fact that many literary 
works are now available in Basic (including the 
Bible and Shakespeare’s plays) may tempt 
students to be content with Basic when they 
should pass on normal and natural English. 

See also Vol. X: International Co-opfrahon. 

INTER-PLANETARY TRAVEL. The first 
serious suggestion that men should find a way 
of' leaving the Earth and of navigating in space 
in a rocket was made by an obscure Russian 
scientist named Ziolkovsky in 1895, some 30 
years after Jules V^erne had written his thrilling 
adventure story, From the Earth to the Mootiy and 
b year's before H. G. Wells published The First 
Men in the Moon. But few people then gave any 
thought to Ziolkovsky and his plan. 

The subject was revived a generation later, 
after men had learnt to fly. It was realized that 
the desire to travel in outer space sprang from 
the same sense of adventure and curiosity which 
had impelled men to build the first sea-going 
ships, and later to invent aircraft. In 1927 
practical study was begun with the founding in 
Germany of the Society for Space Tr avel. Some 
American scientists also took up the matter and, 
although people scoffed at first, rocket chemistry 
was so quickly developed by the Germans that 
by 1945 they were able to bombard London 
with rockets fired from Holland {see Ciuini n 
Mli)SILKS, Vol. X). 

To-day people interested in space travel have 
three broad aims. First, thev aim at making a 
careful study of tlie upper aii , the behaviour of* 
the Cosmic Rays (q.v. Vol. Ill), and conditions 
in other planets. Secondly, ^cy propose to send 
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rockets, without crews at first, as far as tlic 
Moon; this will provide practice in aiming into 
space. Thirdly, they suggest that permanent 
‘space stations’ should be estjiblished a few hun- 
dred miles above the Earth’s suilacc. 

Rockets are the only known kind of power 
which can propel an object through outer siracc 
in which t 'cre is no air (see Atmosphere, Vol. 
III). All her forms of energy (excluding 
atomic energy, which is not yet lully exploited) 
need to consume a certain amount of air before 
their power can dcvcloj). I’lie German rocket 
bombs on London were therefore probably the 
forerunners of the first space cars which will 
leave the Earth. Indeed, since the Second World 
War, Britibh and Amer ican scientists, sometimes 
helped by Germans, have been w'orking to im- 
piove rocket fuels. Liquid fuels now enable the 
speed of a rocket to be controlled {see Aircraft 
Engines, Section o). 

Rockets are already being used to gather in- 
formation about the upper atmosphere ; but they 
arc sent up without a crew. Recording instru- 
ments, including cameras, are carried up to 
great heights and set in motion. Then the 
instruments are often ejected and allowed to fall 
to the Earth gently in a container supported by 
a parachute, and bearing the postal address of 
a laboratory so that anyone who finds a con- 
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tainer may post it on. Sometimes the rocket 
itself is allowed to fall back to the Earth with 
instruments; in that event an explosive device 
blows off part of the stream-lined casing of the 
rocket, and the remaining portion is so shaped 
as to be slowed down in its fall by the friction 
of the air, and tends to* come down swaying, like 
a falling leaf. 

The Moon (q.v. Vol. Ill), the first target for 
a rocket without men, is a dull, mountainous 
mass of brown volcanic rock, swinging round 
the Earth at a distance of some 238,000 miles. 
It is without air, vegetation, or life of any kind. 
It has a landscape of mountains as high as the 
Alps, many thousands of craters, and some -reat 
plains, or ‘seas’, as they were once thought to 
be and are still called. The Moon shows only 
one face to us. So far man has projected nothing 
at the Moon except radar impulses, which have 
reached there and bounced back again to the 
Earth in 2| seconds. 

A rocket aimed at the Moon (or anywhere else 
in space) would need a speed of 25,000 miles 
an hour in order to break away from the pull 
of the Earth’s Gravitation (q.v. Vol. III). It 
would be propelled by a series of ‘boostci’ 
rockets, each of w’hich would fall off from the 
main piojectile after it had used up its ow'ii 
‘boosting’ charge. The rocket power w'ould iK)t 
be needed for lung. When a moving body in the 
heavens is away from the influence of the Earth’s 
gravit)', and is not retarded by the friction of 
any air, it will continue to move for ever at any 
speed at which it happens to be travelling, unless 
influenced by the gravity of some other body. 

It is proposed that the first rocket aimed at 
the Moon should carry an automatic short-wave 
wireless transmitter, whose signals, indicating 
both the direction and distance of the moving 
rocket, would be heard on the Earth. A large 
charge of white powder would also be carried, 
with an explosive which w^ould blow the w'hite 
powder over several acres of the Moon’s surface 
when the rocket landed. Thus the crater caused 
by the rocket could be picked out from the 
many already there — for objects on the Moon 
200 yards in breadth can be detected and photo- 
graphed through large telescopes. The white 
patch would be an important check on the 
accuracy of the aim, for a rocket would have to 
leave the Earth at least some hours before the 
Moon reached the position aimed at. 

A human voyage to the Moon involves much 
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more difficult problems, such as how to sustain 
life outside the Earth’s atmosphere. The first 
step would probably be to send a rocket from 
the Earth to make a turn round the back of tlie 
Moon and then return to Earth. When circling 
the Moon the rocket would follow an orbit, just 
like any other body in the heavens. 

The most interesting plan for space- trSvel 
concerns the building and placing in position of 
a ‘space station’. The idea is to shoot up a« 
fairly small rocket until it reaches, say, a point 
600 miles above the earth — about the distance 
from London to Berlin, w^ith the intention of 
making it circle round the Earth steadily at that 
height. When the rising rocket had reached the 
desired height, it would be veered round by 
diverting some of tfie rocket force sidew^ays, and 
a speed of 18,000 miles an hour would be set by 
the rocket engine. When this speed had been 
reached, the power could be turned off. There 
being no atmosphere at this height to cause 
Iriction and slow' down the rocket, it would 
continue at this speed for ever. But instead of 
continuing in a straight line into space, this 
satellite vehicle would be affected by tlie force 
of the Earth’s gravity; and because of the parti- 
cular speed at w^hich it is moving in relation to its 
distance from the Earth, this gravitational pull 
would be exactly enough to keep the rocket going 
round the Earth for ever, a miniatuie satellite. 

A ‘space station’ without crew could first be 
tried, wath various recording insttiiinents auto- 
matically transmitting to the Earth. The next 
step might be a rocket with men aboard. If once 
a station could be maintained up there, it might 
be built up and added to, like a house, with 
material and crew's sent up in supply rockets. 

A great range of scientific wwk, impossible on 
the Earth, could be carried out. Telescopes, 
being free of the almo.sphere, would he fai more 
efiicient. Scaled cabins would be,necded, filled 
with air for the crew to breathe. Workmen 
building additions to the statioq would need 
strong pressure suits to keep their bodies together 
in a space in which there is no PressIjre (({.v. 
Vol. III). But there would be no danger of falling 
off’ this station in space. Since gravity would be 
cancelled out, the builders would merely need to 
place their tools round them, floating in space, 
and these w'ould stay exactly where they were 
put. From space stations of this kind, it is 
argued, men might set out on the next stage of 
the conquest of spaae. 
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• The British Inter-Planetary Society exists for 
the study of problems of this kind. 

See also Vol. Ill : Space; Motion. 

IRANIAN LANGUAGES, see Persian Lan- 
guages. 


IKiiH LANGUAGE (Erse). This language is 
one of the Celtic family of languages, and is the 
•most important of the Irish group which in- 
cludes Gaelic (q.v.) and Manx. It differs in 
certain distinct *ways from the British .group, 
to which belong Welsh (q.v.), Cornish, and 
Breton, the language of Brittany. In Welsh, for 
instance, the original ‘q’ or ‘c’ becomes ‘p’, and 
the original ‘u’ becomes ‘P. Thus Erse mac (son) 
is Welsh map^ and Erse cu (hound) is Welsh ci. 

Erse was brought to Ireland by Celtic in- 
vaders in about looo b.c. ; and dow'n to the end 
of the 1 8th century it was spoken ])y the great 
majority of the people, although never so much 
in the cities, mprv of which were Ibunded by the 
Norse. The native 


Irish were not buil- 
ders of cities. In the 
course of the 19th 
century English 
gained ground 
rapidly, and there 
are now not more 
than 50,000 people 
who speak Erse 
regularly. West 
Kerry, Connemara, 
West Donegal, and 
a small district near 
Dungarvan in co. 
Waterford are the 
main areas of Irish 
speech. Since 1922 

the Irish Govern- 

# 

ment has organized 
the revival of ^ Erse, 

' and it is now taught 
in all the ^schools. 

The earliest Irish 
documents we have 
a^e inscriptions in a 
peculiar script called. 
Ogham, some ol' 
which may be as 
early as the 4th 
century, and there 
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has been a tradition of literature in Erse since 
the 6th century, and a great mass of material 
from the 9th to the 19th century. Until the 
I3lh century Llrse had a complicated grammar, 
especially in tlie forms of verbs, and was highly 
inflected — tliat is, the words had different end- 
ings according to the patt they played in the 
sentence. In modern Erse, however, the gram- 
mar is much simpler. 

Erse has not given many words to English. 
These, however, are some examples: ‘shamrock’, 
‘leprechaun’, ‘lory’, ‘galore’, ‘banshee’, ‘blar- 
ney’, ‘shillelagh’, ‘colleen’. » 

See also I.anguage Structure. 

See also Vol. 1: Ceitic Civilization; Irish. 

ITALIAN LANGUAGE. This is one of the most 
important of the Romance Languages — those 
languages descended from Latin (qq.v.). It is 
spoken by about 43 million people in Italy and 
about 7 million elsewhere, mainly in the U.S.A., 
Argentina, Brazil, and in parts of France, wdiere 
Italian emigrants have settled in the last hundred 
years. It is also one of the oflicial languages of 
Switzerland, one of whose confederated states 
or cantons, 7 ’icino, is entirely Italian-speaking. 

Modern standard Italian is based on the 
speech of Tuscany in Central 5tal)5 the language 
in which Dante (q.v. Vol. V), the greatest of 
Italian poets, wrote his works. As in Spanish, 
.spelling in Italian is very simple, almost every 
sound Cf^» ’’espoiiding to one letter, and every 
letter to ^ • sound. There arc five vowels, as 
in English, but Italian, unlike Faiglish, has only 
one sound each for ‘a’, ‘i', and ‘u’, and only two 
each for ‘e’ and ‘o’. Most words end in a vowel, 
and the nouns are either of the masculine or 
feminine gender — most masculine words ending 
in ‘o’ in the singular and ‘i’ in the plural, and 
most feminine words ending in ‘a’ in the sin- 
gular and ‘c’ in tlie jiluial. The neuter gender, 
as we understand it, is not used in Romance 
Languages. 

There are many different Italian Dialect . s 
(q.v.), often widely difi'ering from each other. 
In one part of north-eastern Italy a dialect of 
the Romansh language, the language of part of 
eastern Switzerland, is spoken. Italian is taught 
in most British universities mainly for tlie sake of 
its literature, and it ranks fifth in popularity 
among foreign languages. 

See also Vol. I : Italians. 

Sec also Vol. Ill: Italy. 
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JAPANESE LANGUAGE. There is a common, 
though mistaken, belief that Japanese and 
Chinese are related languages. In fact, little is 
known of the origin of Japanese, and the only 
language with which its relationship is proved 
beyond doubt is that of the Ryukyu Islands, 
south-west of Japan. There are several dialects 
of Japanese, but the differences are no greater 
than between the dialects of English. Nowadays, 
tile Japanese of the capital, Tokyo, is accepted 
as the standard language and understood 
throughout the country. 

The language contains three types of words: 
(i) Native Japanese words, (2) Chinese words. 
Many were borrowed in ancient times, when 
Chinese was regarded in Japan as the language 
of learning and culture, like Latin in medieval 
Europe. Still more are modern words, for in- 
stance, scientific terms, often coined in Japan on 
the Chinese model (and sometimes re-exported 
to China.). (3) Some words borrowed from 
western languages, mostly English. The 
Japanese sound-system is very different from 
that of English. For instance, no word or 
syllable can end in a consonant (except ‘n’), nor 
is there any ‘ 1 ’ sound. So these borrowed English 
words are often barely recognizable, ‘spot- 
light’, for instance, has become supotto-raito, and 
‘department-store’ has been abbreviated to 
depaato. 

Japanese cannot be fitted into any European 
system of' grammar. Even adjectives can have 
a past tense. It has no genders (no masculine, 
feminine, or neuter), no article (words like 
‘a’, ‘the’ in English), and no number cither in 
nouns or verbs; thus hito means ‘man’ or ‘men’, 
and kau means ‘I (you, he, she, we, tlicy) buy’. 
Verbs and adjectives take different endings ac- 
cording to their function in the sentence {kau 
‘buy’, kntta ‘bought’, wami ‘bad’, waruku ‘badly’). 


The order of words in a sentence is iJIustrated 
by the following example: 

kinoo katta mannenhitsu 

yesterday (1) bought foirntain-pcn 

wa teeburu no ue ni arimasu, 

as for table ’s top on ‘ is. 

‘The fountain-pen which I bought yestcrcl^ is 
on the table.’ 

The Japanese are famous for their politeness* 
and in their speech they use many special word- 
forms indicating politeness or respect for the 
person addressed or spoken about. This helps 
to make up for the vagueness caused by the fact 
that personal pronouns such as ‘I’, ‘you’, or ‘he’ 
are rarely used. Replace katta in our example 
by 0 kai nasatta (‘honourable buying did’). Since 
no one would be likely to use such words about 
himself, the phrase must now mean ‘the pen 
which you (or he) bought’. 

The Japanese script is an adaptation of the 
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FACE FROM A HISTORY OF JAPAN IN THE I9TU CENTURY, 
PRINTED 1O75 

The larger, more complicated symbols are Chinese charac- 
ters. In Japanese these arc used with phonetic letters called 
Kana (tiic smaller symbols) 
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Chinese system and is written in vertical columns 
from right to left (see Chinese Language). 
Because Chinese characters arc pictorial the 
Japanese^ can disregard the sounds the same 
characters would have in Chinese and use them 
to write their own words. Just as in Europe the 
symbol 3 is used in many countries but pro- 
nounced differently in each, one character ^ 
means ‘house’ to both Japanese and Chinese 
Txlike, though the words for ‘house’ are different 
in the two langugiges. However, most characters 
in Japanese have at least two pronunciations, 
called JCun (the native Japanese words), and On 
(the borrowed Chinese sounds of the characters). 

The characters ^ for ‘man’, ^ strength’, and 
^ ‘vehicle’ are given the Jiun pronunciation 
when used separately for the native Japanese 
words /itiOy chikaray and kuruma. But the same 
characters used in a compound word are given 
their Chinese sounds ( 0 /z), forming the word 
juhriki‘S'ha ‘rick'-haw’ (a hand-drawn carriage). 
As the characters were borrowed well over a 
thousand years ago, On sounds arc often very 
unlike the sounds of modern Chinese. 

Tn Chinese words never alter in their form; 
rnae means ‘buy’ or ‘bought’. But in Japanese 
the difference between ‘buy’ and ‘bought’ is 
shown by different endings (kau and katta). So 
the Japanese use the Chinese character expres- 
sing the idea ‘buy’ and add after it phonetic 
letters, called KanUy to show the ending of the 
word. (In English, likewise, 3 is pronounced 
'three’, but 3rd is ‘third’.) Kana are also used 
for the small words corresponding to English 
‘in’, ‘from’, and so on, which are called pre- 
positions in English, but are postpositions in 
Japanese, as they come after, not before, the 
noun. There are two sorts Kana y both derived 
from Chinese characters; hiragana are in general 
use, but katakana are now mostly limited to 
official publications and to writing foreign names 
or words. Generally, each Kana represents a 
•whole syllable (as ka or jo). 

Until the end of the 19th century the language 
in books was very different from ordinary speech, 
but nowadays the difference is much less marked. 
If you know spoken Japanese and about 3,000 
(characters, you can read most books, except very 
learned or technical works. Since the war the 
Japanese Government have tried to limit the 
number of characters in common use to 1,850, 
and children in primary schools are taught about 
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880. Attempts have been made to abolish 
characters altogether; but this is not satisfactory, 
for many words look exactly alike in Roman 
letters, and can only be distinguished when 
written v/ith Chinese characters. I'he Japanese 
will not be able to abolish characters without 
making very great chari^ges in the language 
itself. 

See also Language Structure. 

See also Vol. I ; Japanfsf. 

JET PROPULSION, Aircraft Rnginfs. 
Section 4. 

JOURNALIST. There are many kinds of 
journalist; but the ordinary meaning ol' the 
word is a man (or woman) who earns his living 
by editing or writing for a newspaper or maga- 
zine. Thus an editor is a journalist, and so is 
a junior reporter. A London daily newspaper 
may employ a staff of a hundred trained journa- 
lists, as well as receiving part-time service from 
others; a small country paper may be conducted 
by two or three staff men, with one or more 
juniors. I'he chief difference between an im- 
portant daily newspaper and a country weekly 
is that in the daily the work must be su))divided 
and specialized, while in the country w'cekly 
each senior man must be ready to turn his hand 
to anything. Thus the editor (who may be the 
proprietor) often takes a share in the reporting, 
and the s< nior reporter usually acts as deputy 
editor. Oi uch papers reporters get some train- 
ing in siib-c diting. As reporters they have to be 
a good deal more than shorthand wTiteis. Much 
of their work may consist in reporting speeches; 
but they may also have to report the local agri- 
cultural show, write a notice of a play, film, or 
concert, describe some outdoor event- -in short 
to supply an accurate and readable account of 
anything in which the public is interested. 

Most editors claim that there is no better 
training for journalism than work on a good 
country wcekl> Many distinguished journalists 
have begun their career in this way. Assuming 
an education at least of secondary ty^e to start 
with and some practice in shorthand, a junior 
reporter on such a paper may already be doing 
useful work in less than a year, and in his third 
year he should be capable of being sent any- 
where. The wide variety of events he will be 
called upon to cover wnll bring him in contact 
with men and women of all kinds. Such a train- 




JOURNALIST 

ing gives a keen young man 
very valuable all-round ex- 
perience. 

As well as serving on daily 
and weekly newspapers, 
however, journalists may be 
engaged on periodicals 
(which may contain more 
comment than news), on 
news agencies, on magazines, 
on the and on the 

feature and picture sides of 
the great dailies. The news- 
script read out by the B.B.C. 
announcer is prepared by 
trained journalists; and this 
highly skilled work is often 
done under pressure as great 
as tliat of producing a news- 
paper. Many Government 
departments and commercial 
bodies also employ trained 
journalists as ‘public relation officers' {see Pro- 
paganda AND AdVKRTISING). 

7 'he 'free laiu e’ is another recognized type of 
journalist. He d(jes not belong to any salaried 
staff, but contiibutcs to publications of many 
kinds. A wrilcrn\ho becomes widely known 
under his own name and ^vrites legularly is 
considered to have reached the top of the tree 
in free-lance work. 

Technical journalists are employed on the 
periodical publications which supply the needs 
of many professions, trades, and crafts, such as 
the law', medicine, engineering, architecture, 
building, the hardw'are industry, and the news- 
papers themselves. Such men arc either mem- 
bers of their specialist callings w ho have tui ned 
to journalism, or else arc journalists who have 
become specialists. Contributors have usually 
to be highly qualified specialists, and the editor 
is often a well-known member of his profession. 
The technical process of editing and getting a 
publication to press, how'ever, has to be done 
by a qualified journalist. 

See also Newspaper. 

JUNK. Junk and common 

names for Chinese ships and bo.jt. Bf)th terms 


have been used by Europeans since the 17th 
century. 'Pliere are very many types of junk, 
differing in size, build, and rig. C'ommonly 
junks have flat bottoms and hulls divided into 
w'atcrtight compartments by bulkheads. Their 
hulls appear box-like to Western eyes and often 
have high poops; but the junkman is an experi- 
enced and cunning seaman who has made up 
his own peculiar way of doing things, and he is 
in no way less cunning than the Western sailor. 
The most usual form of Chinese, sail is the 
balance lug, and this has bamboo battens across 
the sail horizontally. The sails were formerly 
made of matting, but now more durable canvas 
is used. These sails set very flat and can be 
quickly reefed by tying battens together. The 
junkman is skilled at sculling over the stern with 
a big oar known as a Tuloh^ the action of which 
is like that of a fish’s tail. Junks have distinctive 
colouring; the junkmen of Foochow, particu- 
larly, attach great importance .to decoration, 
which is always vivid yet in excellent taste. 
Many types of Chinese sea-going junlts display 
a large eye painted on the bow, so that the 
junk can see where it is going. The largest 
trading junks have as many as five masts. See 
also Sailing. 
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KNOT, MARINE, see Loo, Ship’s. 
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KAYAK, see Canoe, Section 2. 

KIEL CANAL. This is a ship canal in Noith 
Germany, 61 J miles in length, linking the North 
Sea with the Baltic. It runs from the mouth ol 
the Ell)e to Holtenau, near Kiel, and very 
greatly reduces the sea journey from London 
to the Baltic pcjrts. One of the main reasons for 
building tlie x'anal was to provide the German 
Navy with nK*'n«i of communication between 
the naval stations at Wilhclmshaven and Kiel, 
avoiding the long passage round north Denmark. 

Construction of the canal was begun in 1B87, 
and took 8 years. The building equipment was 
large for those days. There were 4G excavators, 
•20 dredgers, 240 steam-shovels, nearly 100 loco- 
niolives, and nearly 3,000 wagons. For part of 
tlu* time 8,000 men were engaged. Although 
there weie no unusual engineering difficulties, 
since most ol'its route is through soft ground, the 
canal had .to cross a number of roads and rail- 
ways. I here arc seven bridges (3ver it and many 
ferries. 

About two-thirds of the length was cut 
through dry ground. One-third crosses Lake 
Eider, in w^hieh the channel w^as excavated by 
Dredgers (q.v.). Much of the mud and sand 
raised in this way was pumped through pipes 
lor 2,000 feet and deposited on the sea-shore. 
In 1907-9 the canal was considerably enlarged; 
the bottom \v’idth was increased I'rom 72 loot 
to 144 feet, and the depth from about 30 ft * 
to 36 feet. 

Occasionally Ig.e-breakers (q.v.) have to be 
used in the winter, but the canal is never clo.sed. 
bhips may pass through under their owm powder, 
or may be towTd. The limits of speed allow ed 
are 5*4 and 8-i knots. Ab'-ut 56,000 ships have 
used the canal in a busy year, an average of 
more than 150 every 24 hours. 

See also Canals. 


KNOTS. The word ‘knot’ covers in a general 
way all methods of joining ropes, but it is also 
applied to fastenings made in a single rope by 
twisting it or using its own strands. The word 
‘bend’ is used for methcfds of joining ropes to- 
gether, and a ‘hitch’ is used for fastening a rope 
to something solid, such as a pole. A ‘splice’ is 
a more permanent way of joining tw^o ends of 
rope by interweaving strands. A ‘sennit’ or 
‘plait’ is an interweaving of cords to form a 
pattern. ‘Lashings’ are u.secffor roping together 
spars, as is done in scaff()lding. 

Rope has been used from prehistoric times. 
The peoples of ancient civilizations, such as the 
Egyptians, were skilled rope-makers. Therefore 
the know’ledge of different knots for different 
purposes is an old one. The Incas of Peru (q.v. 
Vol. 1 ), w'ho made elaborate suspension bridges 
over rivers and ravines with rope, must have 
been thoroughly versed in the science of knots. 
Of the many diffiTent knots, the majority were 
used by sailors in the days of Sailing Ships (q.v.). 
But knowledge of knots is important to many 
other people besides sailors. Mountaineers, 
crossing over glaciers or precipitous rocks, work 
in parties of three or four and# are roped together 
in such a w’ay that if one falls the rope w'ill hold 
him (<<?e Mountaineering, Vol. IX). A climber 
who has fallen down a crevice or cliff, and is 
hanging a taut rope round his waist, can 
often get > again by using separate loops of 
rope, one lor his arms and sliouldcrs and one 
eaeh for his feet, which he fastens on to the taut 
rope w ith ‘prusik knots’ or 'friction hitches’ (see 
hig. i). 'Fhese knots hold tight when there is 
strain on them, but can be slipped up the taut 
rope when there is no strain. So the climbe:, 
by releasing the strain on each prusik knot in 
turn and pulling it up, can gradually reach the 
top again. Knots for various purposes are used 
by farmers, w'O'^dmen, builders, and others; in 
hicl, they are oi such general use that training in 
the use of them forms an essential part in the 
training of Boy Scouts (q.v. Vol. IX). For the 
average person a knowledge of less than a dozen 
knots will suffice for all normal occasions. 

A knot depends on friction to prevent its 
pulling undone. When a sailor has a rope about 
to take a heavy strain, hr w ill throw a few turns 
around a post or bollard, and hold the free end 
in his hand. He will then be able w^ith the aid 
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1. Prusik knot 7. Bowline 

2. Overhand knot * 8. Clove hitch 

3. Figure-of-eight knot 9. Round turn and twohalf* 

4. Sheet bend hitches 

5. Reef knot 10. Turk’s Head 

6. Granny ii. Kyc splice 

of the friction in the turns to resist a pull of 
many tons. Knots for fastening rope to solid 
objects include one or more complete turns for 
this reason. Similarly, in a gtjod knot for uniting 
ropes, parts arc doubled back and squeezed so 
that a pull increases the friction within the knot. 
A good knot should be free from violent kinks 
which damage the rope ; it should also be easily 
untied. 

To stop a rope running through the hands 
or a hole, some form of stopper knot is used. 
Two simple ones are the overhand (Fig. 2) 
and figure-of-eight (Fig. 3). For joining ropes, 
whether they arc the same thickne.ss or not, a 
sheet bend is used (Fig. 4). The name comes 
from its use in joining the sheet idling rope) 
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to the corner rope in a sail. Where the two ropes 
being joined will press against something, as the 
string round a parcel does, a reef knot is used 
(Fig. 5 a). The unskilled person ties a ‘granny’ 
(Fig. 6) by making both twists the same way. 
In the reef the second twist is made opposite to 
the first, so that each rope doubles back on itself 
and is held by the loop of the other. It ran 
usually be untied by pulling the two halves ot 
one rope into a straight line (see Fig. 5 b) and 
sliding the other off. 

The bowline (Fig. 7 a) makes firm loop in 
a rope. Allow enough for the loop, then twist a 
ring in the rope. Pass the end through this, 
around the main rope (Fig. 7 b), and back 
through the ring. To fasten a rope to a pole, 
when there is to be a load on both ends of the 
rope, a clove hitch is made (Fig. 8 a). This may 
be worked around the pole (Fig. 8 A), or if the 
end of the j>ole is free, two loops may be made 
(Fig. 8 c) and slipped over it. If the end of a 
rope is to be fastened to a pole or ring a ‘round 
turn and two half-hitches’ is a good general- 
purpose method (Fig. 9). The rope’s end com- 
pletely encircles the pole and is then made to 
form a clove hitch around the main part. 

There are many beautiful and complicated 
ornamental knots. A fairly easy one is the 
Turk’s Head, which is used to decorate a pole 
or as a scarf ring. It must be worked round tlie 
fingers or a pole (Pig. 10 a). Push part i under 
paft 2, and take the working end over part 2 
and under part i (F’ig. 10^). This completes 
a single Turk’s Head, which may be doubled or 
trebled by following ‘4’ around tw'o or three 
times with ‘3’ (Fig. 10 r), 

7 'he most useful splice is the eye-splice. Unlay 
the strands for a short distance and tuck one 
under a main strand (Fig. ii a) leaving the 
others as shown. Use a spike to open the strands 
if the rope is stiff. Lift the next strand and tuck 
No. I under it, going in where No! 2 comes out 
(Fig. ii b). Turn the splice over and tuck No. 3 
under the only vacant strand (Fig. 1 1 c). Pull 
all the strands tight. Take each strand again 
‘over and under one* in turn twice more to com- 
plete the splice (Fig. ii d). 

Srr also Vol. VTI ; Ropf-makino. 

Set* also Vol. \I: First Aid. 
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language is the basis of human communica- 
tions. It enables a man to tell other men what 
he is thinking. Without it there could be no 
exchange of ideas. It is also essential to most 
kinds of physical communication — the trans- 
porting of people or goods from one place to 
another. Most exchanges of goods between men 
are only a fuliilment of some agreement which 
has been reached by the use of words. Even tlie 
means by which a man can make his way from 
one village to another, or steer a ship from one 
continent to another, would not be known un- 
less those who had gone before had passed on 
what they knew. 

Although animals, birds, and insects can com- 
municate with one another in some way, man 
alone can pass on complex thoughts. That, in 
fact, is what makes language grow. Language 
develops as the ideas which man washes to ex- 
press to his. fellows become more complicated. 
It is possible, through the study of old books, to 
watcli a particular language struggling with the 
problem of expressing new ideas- ' especially 
abstract ideas — and often having to borrow 
words for this purpose. We can sec words like 
‘duration’, ‘minority’, ‘nn^tive’, and ‘object’ 
coming into English from Latin or ITench in 
the later Middle Ages, because Englishmen 
were beginning to express ideas in their own 
language which needed those w^ords. 

One of the great difficulties of communicatio 
is that knowledge of one’s own language alone, 
though it enables one to talk to people who know 
it, also cuts one off from most of the rest of man- 
kind. We read in the first Book of the Bible that 
originally ‘the whole earth was of one language 
and of one speech’, but th?/ when men tried to 
build a tower which would reach to the heavens 
their language became split into many tongues. 
VVe know, how'cver, that dffFcrcncrs of speech 
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really go back to the earliest times of man’s 
history, and that they may have been caused by 
certain differences in the bodily structure of men. 
"I'hus when we find the consonants ‘k’, ‘q’, and 
‘1 ’ are common in a primitive language, it seems 
to be because the people who use it have short 
upper lips, while the freqfient use of ‘p’ denotes 
a people with long upper lips. 

The first great change which happens to a 
language is that it comes to be used for writing 
as well as for speaking. This means that it tends 
to become standardized. But there is a signifi- 
cance in the actual regions in which one language 
rather than another will become standardized. 
In central Europe it is possible to find language 
frontiers for which no obvious cause exists; on 
one side of a line one language is spoken, and 
on the other quite a different one. Yet often, 
if we trace back the history of a region in which 
this occurs, we find that the people on one side 
of the line were converted to Christianity cen- 
turies ago by missionaries who travelled from 
a particular country, and that a church organiza- 
tion was then built up which included the con- 
verted people. With Christianity came writing; 
the language spoken within that church or- 
ganization at that period then became fixed as 
the permanent tongue of those people. But 
other people living only a few miles away may 
have been converted to Christianity by mission- 
aries coming from a different country; in that 
way a db"I* ‘mt language would be fixed. 

The fru: ilness of language as a means of 
communication is shown by the development of 
science i nd the arts. No one ever makes great 
discoveries in science or thinks out new ideas or 
produces works of art entirely by himself. He 
depends largely on others, and needs the stimulus 
(hat is given by discussion and criticism. If wc 
study the way in which there arise what are 
known as ‘schools’ of art or literature or music — 
that is, large groups of men who arc producing 
writings or work . of art of much the same kind, 
all at one time and in one place— -we see that 
they usually come from the mingling of different 
traditions. 

England in Shakespeare’s day shows how the 
writings of French and Italian poets, along with 
the literature of the ancient world, influenced 
English traditions, offering men new possibilities 
in the use of language and suggesting to them 
new forms of literature. From Italy came the 
sonnet; the plays of Rome, tragedies and 



LANGUAGE 218 


comedies, met the old English religious drama 
of the Middle Ages, and there arose the great 
school of play-writers, of whom Sljakespearc was 
the greatest {see Drama, History of, Vol. XII). 
Foreign writers, provided they can be under- 
stood and also that they are not too different, 
are particularly stimulating. To keep to the 
narrow native field of any country has a deaden- 
ing effect on literature, art, or thought. The 
differences between languages have always 
tended to force art and thought into rather 
narrow divisions. Yet men have been able, 
time after time, to overcome the barriers of 
language. 

There arc, in fact, many people in the world 
who quite naturally speak more than one lan- 
guage, such as many of the inhabitants of Wjilcs, 
who can talk and write in both WVlsh and 
English, or many Africans, who can speak at 
least two or three different regional languages. 
It is important to realize that there is nothing 
strange or difficult in being able to use more 
than one language. It is a matter of custom. 
There have been several occasions in history 
when people living in a large area of the world 
have had two languages, their own and a com- 
mon language used by all the various people 
inhabiting the an*a. In classical times, for in- 
stance, Greek came to be the language of the 
Eastern Mediterranean countries. This was due 
partly to the conquests of Alexander fq.v. Vol. 
V), who invaded Asia Minor in 334 b.c, and, 
by the time he died 1 1 years later, had created 
an empire which stretched from the Adriatic 
Sea to the River Indus, luid from the Black Sea 
to the Nile and the Indian Ocean. Partly, also, 
the widespread Greek speech was due to the 
influence of Greek traders. As a result, the 
people of this great area of laiid spoke their own 
various languages and also Greek. St. Paul’s 
Epistles, written in Greek, could be understood 
by Christian converts equally in Rome and in 
Corinth (Greece) and in Ephesus (Asia Minor). 
Within 300 years of Alexander the eastern 
Mediterranean countries had become part of 
the Roman Empire, which extended as far as 
the Rhine and, later, to the Lowlands of Scot- 
land. In the Roman Empire there must have 
been many people who quite n (turally spoke 
three languages, their own native tongue as well 
as (htEEK and Latin (qq.v.). Educated Romans, 
and citizens of the Roman provinces of the West, 
spoke Greek as a matter ofcour.se. When Julius 


Caesar was murdered, he did not make his 
dying exclamation to young Brutus in Latin, 
Et tUf Brule, as Shakespeare has it, but in Greek; 
he said, Kai su, teknon, which is broadly ‘Even 
you, child!’ 

The Roman Empire, in fact, w’as made pos- 
sible because the problem of communication had 
been solved, and the Romans were able tc/give 
Europe one civilization. They did this in twcj 
w^ays — by building a system of roads, which, 
linked every part of the Empire {see Roman 
Roads), and by giving to thosf^ who lived in it 
a common language. 

It is not only through conquest, as in the 
times of Alexander and C^aesar, that a eoininon 
language comes to be adoj^tt'd l)y diilerent 
peoples. The movements of nomadic' tribes have 
sometimes led to a single language lac ing used 
over a wade area by very diffcic'nt pt'oples; it 
was this that caused Akabk: ((J-v.) to be spoken, 
as it is now, from southern Arabia to the Atlantic 
coast of North Africa. A remarkable exam})lr 
of language spread by the travid ol sea traders 
may be found in the Pacific, wlicre tlie Polv- 
nesian language is spoken from Fiji to Easter 
Island and from Hawaii to New Zealand (.wr 
Oceanic: L\nguaoes). The most recent example 
is that of English. Trade and conquest together 
have made English the common language of the 
educated classes of India, though national feel- 
ing, an historic cause of the division oflanguages, 
is tending to the abandonment of English in 
India. In w'cstern Europe, the iicecl for CrUiving 
on commerce with Britain and America is th<‘ 
reason for English being taught to children in 
many countries. Years ago the German stalc's- 
man Bismarcik (q.v. Vol. V) realized the im- 
mense signification of the fact that two of the 
greatest states of* the world spoke thc‘ same lan- 
guage, Great Britain and the United States. It 
gave them, he said, a tremendous advantage' 
over other countries. 

But although the needs of cpmmunic.itions 
have sometimes caused a single language to pre- 
vail over many countries, and this u\ turn has 
strengthened later communications, some periods 
of history have shown an opposite tendency. 
The Reformation, and the loosening of the ties 
of a centralized Church organization, led to men 
abandoning Latin as a normal means of com- 
munication in spee-ch or w’riting. By this Eurojje 
lost a great deal. When George I came to 
England as king fnom Hanover, he could speak 
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no English, and most English statesmen could 
speak no German. Sir Robert Walpole, his 
Prime Minister during a large part of his reign, 
could communicate with his sovereign only in 
Latin, and neither could speak it fluently. King 
George. had expected that the Prime Minister 
could at least speak French, but this he could 
not do. 

Later the growing sense of separate nationali- 
ties — ‘nationalism’ — affected many countries. 
Pride in a map’s nation brought with it pride 
in his language. A group of Czech •patriot- 
scholars, who lived early in the 19th century, 
once passed in the street two Czech girls and 
heard one say to the other, ‘Don’t speak in 
Czech; they will think we are kitchen-maids’. 
The ancient Czech language had been aban- 
doned by the upper classes of the country after 
its conquest by the German-speaking Austrians. 
Such groups of patriots deliberately set out 
to make Czech once more a literary language 
which peopL, \ oimJ be prorJ to use; by doing 
this, tln'y were largely responsible for the crea- 
tion of the Czech nation of to-day. 

In the 20th century, national feeling has be- 
come strong in many countries. As local tongues 
are fostered, communication by speech becomes 
more difficult. Modern civilization is faced with 
the same problem as faced the Romans -the 
creation of universal means of travel and a 
universal language. Only the first part of the 
problem has been solved: never before have m^r 
been able lo move more easily from one part 
of the world to another. But the problem of 
different languages remains unsolved. 

Spc also Trade Routes; Language, ][isiory of; 
Language Strug iuhe; Speech; Inilrnationai I.an- 


LANGUAGE, HISTORY OF. It is obvious 
that a language changes in the course of time. 
In English this can easily be seen by reading 
the Anglo-Saxon Chronicle, Chaucer, and Shake- 
speare, and comparing them with mode. 
English (see English Language, History of). 
There are many different kinds of changes; 
some are obvious, such as changes in meaning, 
old words dying out, or new ones coming in. 
But the most important kind of linguistic change, 
‘sound-change’ — that is ch.i »ge in the pronuncia- 
tion of the spoken language, is not generally 
appreciated. The following example illustrates 
Uie nature of sound-chang(f. The Anglo-Saxon 
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word Stan has changed into the Modern English 
word ‘stone’; similarly Anglo-Saxon bat has 
changed inlq Modern English ‘boat’. In fact, 
we can state what is called a ‘sound law*: the 
Anglo-Saxon sound (or ‘phoneme’) d normally 
changes into the Modern English phoneme om, , 
written in various ways,*as 0 as in stone or oa as 
in boat. But sometimes there are exceptions. 
For^ instance, Anglo-Saxon hdlig has changed 
into Modern English ‘holy’ correctly enough, 
but Anglo-Saxon hdlig dtrg has changed into 
Modern English ‘holiday’, not ‘holy day’. 

Two languages are said to be ‘related’ if and 
only il they were both once the same language. 
Thus Italian and Spanish arc related because 
they were both once Latin (q.v.). From our 
hisloiy we know that, in Italy, the language 
\vhich was once Latin is now Italian and that, 
in Spain, tliat which was once Latin is now 
Spanisli. We may express the relationship be- 
tween Latin, Italian, and Spanish by means of 
a diagram: 

Latin 

I 


Italian Spanish 

It is not often that we are so foitunate as to have 
all the three members of tlifc diagram present. 
For instance, we know that English and Dutch, 
just a.s much as Italian and Spanish, arc related 
languages. Only there is no top member of the 
diagraui . 

7 


Epolish Dutch 

\'irlually nothing is preserved of the language 
that has become, on the one hand, English, and, 
on the other, Dutch. But, if all our I.atin had 
pciishcd, we should still be able to reconstruct 
it to some extent, from Italian, Spanish, and the 
other Romance Languages ( ^ce French and the 
Romanc E Lang ages). And this is just what we 
have to do in the case of English and Dutch : to 
reconstruct partially a new language to put in 
the top place of the diagram. Wc call the family 
to whirh English and Dutch belong, the Ger- 
manic Family (q.v.) and the parent language we 
call ‘Primitive Germanic’. It is, of course, easy 
to proceed from the idea of two related lan- 
guages to that of a family of related languages, 
sub-families, sub-sub-families, and so on. Work- 
ing along these lines, people interested in the 
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scientific study of languages have been able to Greek hippos ‘horse’, but the two words are not 


divide the languages of the world (some 7,000 
in number) into about aoo families, and these 
into sub-families, and so on, with no relationship 
between any two of the 200 families. Some of 
these families are very large — Indo-European 
( q.v.) to which English and Latin belong, con- 
tains many hundreds of languages; whereas 
some contain just one language: Japanese (q.v.), 
for instance, is not related to any other language. 

Most people think that related languages 
must be in some way similar, either phonetically 
or in grammar; but this is not true. Italian 
and Finnish, which are unrelated languages, 
sound very similar to English cars; but English 
and Welsh, which are related languages, are 
quite dissimilar in grammar. Speakers of two 
related languages need not have any other com- 
mon characteristic, either cultural or racial. It 
is very important not to confuse linguistic rela- 
tions with racial relations. For instance, Finnish 
(q.v.) and Hungarian are certainly related lan- 
guages. But, racially, the Hungarians are unlike 
the Finns and like the Turks, while the Finns 
have taken much of their culture from the 
Swedes. The Hungarian language, however, is 
not related to Turkish, nor is the Finnish lan- 
guage related to Swedish. 

Words are related in just the same way as 
languages. We say, for instance, that Latin 
amdre ‘to love’ has become both Italian amare 
and Spanish amar\ or, conversely, that both 
Italian amare and Spanish amar are derived from 
Latin amdre. Similarly, we can draw diagrams 
showing the descent of phonemes (or sounds) 
according to sound-laws; thus Anglo-Saxon stdn 
‘stone’ clearly corresponds to Stein in the related 
language German; and, in fact, we have; 


Primitive Germanic ai 



Anglo-Saxon a German ei 

Sound-laws do not necessarily operate only be- 
tween similar sounds; often widely different 
sounds are concerned. Thus the word for ‘warm’ 
was ghwermos or ghwormos in Primitive Indo- 
European; it has become gharmas in Sanskrit, 
thermos in Greeks formas in Latin, and ‘warm’ in 
English, all with very different initial sounds. So 
related words do not always show any sign of 
similarity, and similar words are not necessarily 
related. Thus Danish hoppe ‘mare’ sounds like 


related. On the other hand, ‘cow’ and ‘beef’ arc 
related, that is to say, that they were both once 
the same word in the parent language. Primitive 
Indo-European gwous became kwoz in Primitive 
Germanic, then cu in Anglo-Saxon, and^ finally, 
‘cow’ in Modern English. This same Primitive 
Indo-European g^)ous became bos in the lan- 
guage of the Samnites (a dialect closely related 
to Latin) and passed thence into Latin; the* 
Latin accusative bovem becamp boef in Old 
French,' and, with the Normans, the word passed 
into Middle English as boef later becoming bef 
and finally ‘beef*. 

The problem of deciding whether or not there 
is sufficient evidence for considering two lan- 
guages as related is difficult and technical. In 
most words (imitative ones such as ‘cuckoo’ 
excluded) there is no direct connexion between 
sound and meaning: no reason is known to us 
why in English the word for 4 should be ‘four’ 
and that for 6 should be ‘six’ rather than the 
other way round. Let us consider some English 
words beginning with the sound t — ‘ten’, ‘tame’, 
for example. If English and German were un- 
related, there would be no reason why words of 
the same meaning in German should begin with 
one German initial sound rather than another 
(except in so far as one German initial is com- 
moner than another). But, in fact, correspond- 
ing, to many English words which begin with I 
we find an undue proportion of German words 
of the same meaning beginning with z -such as 
‘ten’ zehn,, ‘tame’ zahm If English and German 
were unrelated this effect would have to be due 
to chance. But, if they are related (as is the case) 
it is due to the fact that initial English ‘t’ and 
initial German ‘z’ were both once one and the 
same phoneme in their common parent lan- 
guage. It is, in fact, only the heaping-up of 
‘coincidences’ like this that prewes linguistic 
relationship. 

The question whether, in fact,. all languages 
are related, that is whether language has a com- 
mon origin, cannot be answered. Man'has been 
speaking for a very long time indeed and, during 
this period of time, sound-change must have 
removed every trace of the original state of 
affairs [see Speech). So-called primitive lan- 
guages, such as American Indian Languages 
(q.v.), do not represent an original state of affairs 
any better than ‘civilized’ languages. In fact, 
a difference betwecir primitive and civilized does 
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Aot exist in language. For instance, some 
civilized languages and some primitive ones 
have little grammar (such as English and 
Samoan}, yet some have much (such as Greek 
cind most North American Indian languages). 

LANGUAGE STRUCTURE. Most people 
havt held certain general ideas about the struc- 
ture of language; for example, that it is com- 
, posed of sentences, words (which may be grouped 
into parts of speech), and endings or inflexions 
(such as the ‘s* ^n ‘dog’s’ or the ‘cr’ and ‘est’ in 
‘higher’ ‘highest’). But philologists (those who 
study languages scientifically), have come to look 
at language in a different way, and to conclude 
that, although these distinctions are sometimes 
convenient, they do not apply always and to all 
languages. For example, in some languages 
words arc built up by a number of ‘suffixes’ 
(additions) as in the English words, ‘thought- 
ful-ncss' or ‘kiad-li-ncss’. Sometimes this results 
in very long w'jrHs which might be regarded as 
phrases or sentences; for example, the Eskimo 
word aulisautissarsiniarpunga^ meaning ‘I wish I 
had something which would do for a fishing 
line’, is built up by means of a number of 
suffixes from a short word meaning ‘to fish’. 

In ordinary grammar we learn that there is 
a clear distinction between a verb (a word that 
denotes action) and a noun (the name of some- 
thing). In Hungarian, however, it seems that 
the verb and noun were not originally distinct: 
for the suffix ‘unk’ (denoting the first person 
plural ‘we’) may be added to either a noun or 
a verb: as in hdz ‘house’ and hdz-unk ‘our house’, 
or vdr ‘he waits’ and vdr-unk ‘we wait’. A 
sentence is generally defined as being complete, 
a word by itself being incomplete, and diere is 
certainly a difference of this kind between ‘the 
man went away’ and ‘man’. A long argument, 
however (such as a mathematical proof), though 
it may be composed of several sentences, is not 
really compktc until it is finished. From these 
‘ and similar examples it seems that these idc^ ' 
(sentence, word, part of speech, and ending), 
though convenient when applied to a few lan- 
guages such as Latin, are not universal and 
cannot be defined. 

I’here are, however, four things which apply 
to all languages. 

1. The first is the Utterance, which may be 
defined as a block of intelligible speech-sound 
marked off by a period of silence at either end. 


LANGUAGE STRUCTURE 
a. The second, and perhaps the most im- 
portant, is the Phoneme, the name given to a 
sound which can act as the sole means of dis- 
tinguishing one word from another. Thus in 
English the difference between the sounds ‘t’ 
and ‘d’ is a difference between phonemes, be- 
cause at least one pair <Jf words ‘tin’ and ‘din’ 
is distinguished solely by it. In the name of the 
flower ‘kingcup’, however, the difference be- 
tween the two ‘k’ sounds is not a difference 
between phonemes, because no two English 
words are distinguished solely by that difference. 
It is true that, in actual fact,' the two ‘k’ sounds 
in ‘kingcup’ arc different; the ‘k’ which is pro- 
nounced before the vowel ‘i’ is different from 
the ‘k’ before the vowel ‘u’. Yet because the 
difference does not serve to distinguish two 
English words, it is not noticed by people w'ho 
speak the language. 

In Japanese, the ‘h’ of the word kati ‘from’ is 
pronounced like the ‘h’ of English ‘house’ ; but 
another Japanese word hito ‘one’ starts with an 
‘h’ whicli is pronounced like the German guttural 
sound ‘ch’. But this is not a difference be- 
tween phonemes in Japanese because no two 
Japanese words are distinguished solely by it. 
In Norwegian, however, this very same differ- 
ence in sound is a difference ibetween phonemes 
because it is the sole means of distinguishing two 
words, such as here (to hear) and kjere (to drive) 
(kj is merely a spelling for the German ch sound). 
The ph n^»erne theor}^ is very important in the 
constructi. of Alphabets (q.v.); a perfect 
alphabet must have only one phoneme for each 
letter and only one letter for each phoneme. 
The Engli'^h alphabet is thus very imperfect 
(^‘ihought’ has seven letters but only three 
phonemes) whereas the Welsh alphabet is 
perfect. 

3. The third is ‘Class’. Instead of grouping 
words into nouns, verbs, adverbs, and so on, 
philologists group them into two classes: a ‘large’ 
class which contains words we might normally 
call nouns, verb&, adjectives, and adverbs, words 
which name things, actions, qualities, and so on, 
and to which words may be added at will; and 
a ‘small’ class, to which words cannot be added 
at v/ill and which includes such parts of speech 
as pronouns, conjunctions, and prepositions. 
Some languages have a third, very large, class. 
Thus in Chukchee, a language spoken in North- 
east Siberia {see Sibeman Peoples, Vol. I), in 
order to say ‘I’ll cut your finger’ you must first 
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make a verb ‘to finger-cut’ and then conjugate 
this verb. The class to which the Chukchee 
‘verb’ ‘to finger-cut’ belongs will clearly be ‘very 
large’, because it will contain a unit for every 
possible combination of action and object. 

4 * The fourth is ‘Category’, which includes 
such ideas as numbef (singular and plural), 
tense (past, present, and future), and so on. 
Some categories arc found in many languages, 
some in few. The following are common 
categories. 

(i) Number, In many languages singular and 
plural arc distinguished (English, house: houses; 
and German das schone weib, ‘the beautiful 
woman’: die schonenweiber,' the heixut\{u\\woin^ n’); 
some languages have a dual (a special form for 
a pair of things) as in Greek, hippos a ‘horse’, 
hippo ‘a pair of horses’, hippoi ‘horses’; and Tyat- 
tyalla, an Australian native language spoken in 
Victoria, has a ‘trial’ as well (a special form for 
a set of three things), for example, ^attimgattunek 
‘a boomerang’, gattimgattirnul ‘a pair of boome- 
rangs, gattimgallimurrakullik ‘a set of three 
boomerangs’, gattimgattimurrak ‘boomerangs’. 

(ii) Case denotes the function of a word in a 
sentence: the subject of the sentence, for instance, 
is in the nominative case, the object in the accusa- 
tive, and the possessive (a word like ‘dog’s’) is 
in the genitive case. Some languages have nearly 
fifty cases. In Finnish we have, for instance, 
kirja ‘the book’, kirja-ssa ‘in the book’, ktrjaan 
‘to the book’, kirju’tta ‘without a book’, kirja-lla 
‘at the book’. English words formcily had 
more changes of endings to indic ate cases than 
they have to-day {see English Langi^agl). 

(iii) Degree is usually expressed by the ending 
of the adverb or adjective. In English there arc 
three degrees: positive (‘long’), comparative 
(‘longer’), superlative ('longest’). Welsh has a 
fourth degree: du ‘black’, dued ‘as black’. In 
Finnish it is possible to have the comparative in 
a case; for example, in the sentence se on pohjalla 
laatikossa ‘it is in the box, at tlie bottom’, the 
word pohjalla can have the form pohjemmalla^ 
meaning ‘more at the bottom’. 

(iv) Person, 7’his is generally regarded as apply- 
ing only to verbs, as in Latin amo ‘I love’, amas 
‘thou lovest’; but actually it is not confined to 
verbs. In Finnish we have kirja book’, kirja-ni 
‘my Vrook’, kirja-si ‘thy book’; and in Welsh at 
‘to’, at~af ‘to me’, at-at ‘to thee’. In some lan- 
guages there is a distinction between ‘this’ (near 
me), ‘that’ (near you), and ‘that’ (near him); 


thus Spanish este, ese, aquel, A verb may have 
six or more persons. Languages often have a 
seventh impersonal form, such as Finnish sano- 
taany or Welsh dyived-ir (‘they say’, or ‘it is said’ 
— in French on dit and German man sagt). 
The Basque personal system is very complicated 
and has forty forms, of which the following are 
examples — eramatendet ‘I carry it’, eramatenflitut 
‘I carry them’, erarnatendizut ‘I carry it for you’, 
eramatendezu ‘thou earnest it’, eramatendituzu 
‘thou earliest them’, eramatendigute ‘they carry 
them, for us’. 

(v) Tense, The obvious division of time into 
past, present, and future frequently plays a great 
part in language (Latin amdvi, amo, arndbo, ‘1 
loved, I love, I shall love’). However, many 
languages make no use of tense; thus Malay 
bilang means cither ‘spoke’ ‘speak’, or ‘shall 
speak’, and Anglo-Saxon has no future tense. 

(vi) Voice, mood, and aspect denote the way in 
which the speaker regards the action. In Latin 
and English we speak of the active voice ‘J love’ 
(in which the principal person or thing indicated 
carries out the action) ; the passive voice ‘1 am 
loved’ (in which the action is carried out b> 
some other person or thing); the indicative 
mood, ‘the king lives’ (which is a direct state- 
ment); the subjunctive mood, ‘long live the 
king!’ (which is a wish); the imperative mood, 
‘live in peace, O king!’ (which is a command). 

Qne form of ‘aspect’ shows the dillerence be- 
tween something which happens instantaneoush 
and something which takes some time in hap- 
pening. Thus the verb ‘kill’ is ‘instantaneous’ 
in aspect because its action must take place in 
one instant of time, whereas the verb ‘walk’ is 
‘durative’ because its action is continuous (the 
terms ‘perfective’ and ‘imperfective’ arc common 
alternatives to ‘instantaneous’, and ‘durative’). 
The differences of aspect expressed in some lan- 
guages cannot easily be translated; in Ru.ssian 
both vstretii* and vstrediaC must be rendered by 
‘to meet’ in English, but the former is instan- 
taneous and the latter durative. 

Sec also Speech ; Language, History op. 

LATIN LANGUAGE. Latin is one of the most 
important languages belonging to the group 
which experts in philology (the science of lan- 
guage) cal) Indo-European (q.v.). It differs 
from its modern descendants, and from English, 
in that it is a ‘flexional’ type of language, that 
is, the function of a«word in a sentence is shown 



by changes in the word itself, instead of by 
means of other small words, such as prepositions, 
pronouns, and articles. For instance, the English 
sentence ‘.The mother gave a knife to the servant* 
would in Latin be: Mater ancillae cultrum dedity 
which is literally, ‘The mother’ (subject), ‘to the 
servant’ (indirect object), ‘a knife’ (object), ‘gave’ 
(verO). This is the usual word-order in Latin. 
To say ‘The servant gave a knife to the mother’, 
^ve should simply change the position in the 
sentence and the endings of the words mater and 
ancillae, to sliow 1 :hcir new meaning: Ancilla matri 
Lultrum dedit. In early times Latin was simply 
I lie local speech of the ancient province of 
Latium, the part of Italy in which the city of 
Rome stood. It was closely related to other 
local ways of speech or Dialects (q.v.) of the 
Italian peninsula, particularly Oscan and llm- 
brian, and was at first of no greater importance. 
Th(' position of the city of Rome, as the centre 
ol'the rapidly expanding Roman Empire, caused 
its language to Ir '^'nrne the language of civilized 
Europe {see Roman Civilization, VoI. 1 ). From 
the ist to the 5th century a.d., most of the 
Western world then known was under Roman 
dominion. The Romans colonized far and wide 
as a deliberate policy, and one of their first cares 
was for their language. They believed that if 
conquered peoples learnt Latin, they would 
more readily accept the Roman way of life. 
Schools were I'ounded in many parts of the 
Fanpire, where the I.atin of Rome was taught, 
and any citi:^en of the Empire witli a good com- 
mand of Latin might be employed by the Roman 
Covernment. 

'J’hus the spread of Latin was partly a matter 
of Roman j)olicy; but the I’act that Roman 
Jmrope was, with some important exceptions, 
governed from Rome made it necessary to have 

language wdiich w'as understood every\vhere 
(iee International Languages). Such a lan- 
guage w'as necessary for traders, who travelled 
tf) all parts of. the Ehnpire. Soldiers of many 
I aces, and brought up to speak various lar 
guages, were serving together in the Roman 
armies, and learnt to speak Latin. At the end 
of their service they settled in colonies and tilled 
the land, often in outlying parts, where again 
they helped to spread the Latin language. The 
only written code of law v^as Roman. Lasdy, 
particularly in the 3rd century a.d., with the 
rapid growth of Christianity, Latin became the 
accepted language of religion. 
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DEDICATION INSCRIPTION OF A BUILDING ERECTED BY THE 
ROMAN VI LEGION AT OORSIOPITUM, i^TOWN NEAR MAORI AN’s 
WALL, IN A.D. 192 

By the 4th century a.d. the Celtic languages 
of western Europe {see Welsh, Irish, and Gaelic 
Languages) had been replaced by Latin in 
many areas, or pushed to the outer fringes of the 
Roman Empire — Wales, Ireland, and Scotland 
— where they survive to this day. In the eastern 
part of the Roman Empire Latin made little 
headway; the Greek-speaking peoples, though 
less powerful politically than their Roman con- 
querors, had a superior civilization, and their 
language continued to prevail against Latin. 
The spread of Latin in the Roman Empire may 
be compared with that of English in the British 
Empire, for Latin, like English, became im- 
portant not only as the language of the Govern- 
ment but also as a great literary language. Much 
of its literature has survived, including the work 
(3f such gn Latin poets as Virgil, Ovid, and 
Horace, orators of whom Cicero is ihc 
greatest, ana ©f historians and prosc-WTiters 
such as I. IVY, Julius Caesar, and Tacitus (qq.v. 
Vol. V). 

The language actually spoken by tlie ordinary 
people oi* the Roman Empire, or Vulgar Latin 
as it is called, was very diflbrent from the refined 
and polislRu language of literature, or Classical 
Latin. Classical Latin, the language taught in 
scliools, was a rather artificial language influ- 
enced partly by Greek. Vulgar Latin, how^ever, 
was spoken ma!...y by people who could neither 
TV'ad nor write, and had learnt Latin by car. 
They therefore adopted a style of speech w Inch 
used simpler constructions than those of Classical 
Latin, and which included many popular words 
of the kind we should call ‘slang*. 

After the fall of the Roman Empire in the 
w est, in the 5tli century, Vulgar Latin continued 
to be spoken in the places once belonging to the 
Roman Empire, but as there was no longer a 
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central authority and as there was less com- 
munication between different parts of the Em- 
pire, local differences in speech became more 
and more apparent, until, finally, completely 
new languages developed. These are known as 
the Romance Languages (q.v.). 

Latin, however, wks still the language of the 
Church, which was the centre of learning, and 
it was therefore used as an international lan- 
guage amongst men of learning. This fdnn of 
literary Latin, known as Low Latin, or some- 
times as Church Latin, was, until about the 9th 
century, the only written language in general 
use in western Europe. Not until then did it 
become usual for scribes, using the letter of the 
Latin alphabet, to write in the speech of the 
ordinary people which, in the countries where 
it was derived from Latin, had by then become 
very different from Latin. Even so, literary 
Latin continued as the language of the Church, 
and became also the language of the Universities 
of Paris, Bologna (Italy), Oxford, and Cam- 
bridge when they were founded in the 13th and 
14th centuries. Thus for a time three languages 
had been in use in England, English spoken by 
the ordinary people, Norman-French spoken by 
the court and noblemen and those around them, 
and Low Latin written (and sometimes spoken) 
by the churchmen who wrote all the legal and 
historical records. In the i6th century much 
serious literature was still written in Latin, and 
it was the international language among scholars 
in all countries. It remains the language of the 
Roman Catholic Church to-day* Only recently 
has it ceased to be the compulsory language for 
giving University formal lectures and speeches; 
and at many universities such as Oxford and 
Cambridge the granting of degrees and other 
ceremonies are still conducted in Latin. 

English, although descended from Anglo- 
Saxon, the language of the tribes who invaded 
Britain after the Roman withdrawal, owes a 
great deal to Latin. Many words have been 
borrowed either directly from literary Latin, t . 
from French, and now more than half the words, 
though for the most part the less common words, 
in a modern Engli^ Dictionary are Latin in 
origin. 

It has also become a common English habit, 
both in speaking and in writing, to use phrases 
lifted directly from the Latin, sometimes quoting 
them in full, and sometimes in abbreviated form. 
Some of the best known are vice versa^ *the order 


being reversed’, et cetera (etc.) ‘and the rest’, 
exempli gratia (c.g.) ‘for the sake of example’, 
videlicet (viz.) ‘namely’, and quod vide (q.v.) 
‘which see’. The popularity of such phrases is 
due to their continual recurrence in the Low 
Latin formerly used in legal documents. 

See also Language Structure. 

See also Vol. I : Roman Civilization. 

LATITUDE, see Map Projections. 

LETTER WRITING, see Handwriting. See 
also Letters, Vol. XII. 

LIBRARIES. I. Early Libraries. The word 
‘library* means both a room in which books are 
kept, and also the collection of books themselves. 
Before the invention of printing, books wcie 
written by hand on paper or parchment {see 
Paper) and, farther back in antiquity, on 
papyrus or on various surfaces such as metal, 
tiles, or sheets of wax {see Writing Instrumen is) 
Clay tiles formed one of the first-known libraries 
in Assyria about 700 b.c. — a library wliich was 
discovered about 100 years ago by archaeo- 
logists. A famous library at Alexandria in 
Egypt, to which scholars from many countiies 
came to study, contained over 500,000 rolls of 
papyrus sheet. The greater part of this library 
was burnt down in 48 B.c. when Julius Caesar, 
at the head of the Roman force, set fire to 
the Egyptian fleet in Alexandria harbour. The 
library was partly restored by the Roman 
general, Mark Antony, who presented to Cleo- 
patra, the Q.ueen of Egypt, the contents of the 
royal library of the Greek city of Pergamum rn 
Mysia, in Asia Minor. This library, which is 
said to have contained at that time 200,000 
volumes, had previously rivalled in greatness 
that of Alexandria. The remains of the librarv 
of Alexandria were destroyed about a.d. 390, 
when the Roman Emperor Theodosius set fire 
to the city. After the collapse of the Roman 
Empire, many records of ancient pre-Christian 
scholarship were lost altogether or buried under- 
ground for safety, and not redbeovered until 
centuries later. 

Meanwhile, as the Christian Church became 
establbhed, a new kind of library was beinjj; 
gradually formed in the monasteries, where the 
Monks (q.v. Vol. I) were writing and decoratinu 
books {see Books, History of). These monastic 
libraries were the iprerunners of our College and 
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ANOLO-SPANI8II TREATY OF 1604 WRITTEN IN LATIN 

The first page sets out the titles of the kings, starting with Philippiis leitius, Philip III ol Spam 
{hxih^qtirr, Treasur\ of Recgipt^ Diplomatu DocunienU {E jo), 170^.) 
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University libraries. The monks made cata- 
logues of their books and even in some cases lent 
books outside the ‘monasteries. At first the books 
were mostly kept in the church or in chests in 
the cloisters; but by the 15th century the collec- 
tions of books had become so large that a special 
room was often set apart and called the library, 
where the books were kept in special shelved 
cupboards, or presses made to take them. As 
the fame of a particular library spread, students 
from outside the monastery came to study the 
books; and to prevent valuable books being lost 
or stolen, they were chained to the shelf or table. 
Later libraries began to be formed in the col- 
leges, and others w'cre attached to the great 
cathedrals such as Canterbury and Durham. 
Rich people outside the monasteries began to 
form private libraries for themselves, and somr* 
of these afterwards formed the nucleus of some 
of the most famous libraries in the world. In the 
15th century Duke Humphrey of Gloucester, 
son of Henry IV, gave large gifts of books to the 
University Library of Oxford, and many French 
and Italian kings and princes started collections 
which gradually grew into famops libraries. 
Very few people could read, but with the inven- 
tion of PRINTINO (q.v.j in the 15th century, more 


people leaint to read, more books were j)iiiited, 
and more libraries were formed. The libraries, 
however, were still only for the use ot a com- 
paratively few people either at the ijriiv(*isilics 
or in cathedrals or other large chuichcs. Some 
kings of England from earliest times had en- 
couraged learning and had collected written 
records. Henry VII laid the foundations ot the 
famc:)us Royal Library, which wasjrjincd with the 
British Museum Library in 1759 by George IJ 

2. PoBiiG Libraries. As early as the 17th 
century a few cities such as Norwich, Leicester, 
and Coventry had instituted a kind of public 
library supported by charitable gifts; but in latei 
times, through lack of continued support lioni 
the towmsmen, these libraries lapsed. By the 
19th century the only libraries open to the 
ordinary people were those belonging to the 
mechanics’ institutes, organizations founded 
early in the 19th century to provide working- 
men with the opportunity for reading and dis- 
cussion. 

After 1870, when an Education Act was passed 
to give free education to children whose parents 
could not afford to pay, the demand for public 
libraries, j»aid for out of the rates, increased, and 
whereas in 1870 only thirty-five towns had 
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piiblic libraries, to-day there arc over 600 library 
systems provided for out of the rates. 

These libraries supply books to readers in 
their own^ locality, either a town or a county, 
and each library is managed by a committee 
appointed in towns by the borough council, and 
in counties by the county council. The first 
Public Libraries Act authorizing towns to 
maintain libraries out of the rates was passed 
ill 1850, but it was not until 1919 that another 
Act was passed which allowed each authority 
to spend what if thought was necessary., and 
also allowed county councils to supply branch 
libraries in country districts. The library move- 
ment in Great Britain and America owes a great 
deal to the gifts of the American millionaire, 
Andrew Carnegie (q.v. Vol. V), who had 
emigrated from Scotland as a poor boy. He 
^ gave funds to present library buildings to British 
towns, and to help the later formation of county 
libraries. 

In a municinal or town public library there 
are usually four departments — a lending library, 
a reference room, a children’s library, and a 
newspaper and periodicals room. To be entitled 
to borrow books readers must live, work, or 
attend schools in the town, and if not themselves 
ratepayers, must obtain a written guarantee 
from a ratepayer. In all lending libraries to- 
day the reader is free to choose his own books 
from the shelves, where the books are arranged 
in a special order according to their subject {see 
CIataloguin^ and Indexing;). Each reader is 
given two or three tickets; only one work of 
fiction may be borrowed at a time, and thr 
period of loan is usually 14 days; but after that, 
if no other reader needs the book, it may be 
kept a little longer. There arc books on almost 
every subject, and most libraries try to keep 
their stock up to date. In the reference depart- 
ment readers may consult the books, but not 
take them away. There are the dictionaries, 
encyclopaedias^ and all the other Reference 
Books (q.v.), which cannot be lent out because 
they are in constant use by many people. The 
children’s library, which is usually in a separate 
room, includes books suitable for readers of all 
ages up to 15 years. Most modern children's 
libraries include a corner for very young children 
and also a reference section to help the older 
ones with their homework. In the news room 
the chief daily papers arc found ; technical 
journals and magazines may Also be kept there. 


Country villages, and small towns not big 
enough to have their own libraries, have branch 
libraries supplied with books from a county 
library, which Aas its headquarters in the chief 
town of the district. Small villages, too small 
for a branch library, receive boxes of books at 
some centre such as the village school, and these 
are changed at regular intervals; some counties 
have a travelling van which carries a stock of 
books,* and from which the country reader may 
make his own selections. Students receive a 
special postal service direct from the head- 
quarters library; other readers, who may want 
some book not at the branch, can write to the 
county library and order it. 

All these town and county libraries are linked 
together by regional oflices, which in turn are 
linked with a national central library. In this 
way, if a student cannot get a particular hook 
from his own loc:al library, he can borrow it 
from some other collection through the central 
library. 

See also Ribliothj quL Nationale; Boditian Library; 
British Mlskum Library; (lAMBRinrn!! Univt.rsii^ 
Ltijrarv; Lonoriss Library, U.S.A.; London LII3RAR^ ; 
X'atican Library. 

LIFEBOAT. F or many centuries wrecks were 
regarded as legitimate prizes by all coast 
dwellers, with the result that seamen and passen- 
gers in a stranded vessel were often left to drown 
while loca^ boatmen tried to plunder the ship’s 
cargo. 

Archdcarmi Sharp, who lived on the North- 
umbrian coast in the late i8th century, had 
charge of C'Ulain charitable funds which he 
decided to use for saving life at sea. So he ap- 
proached a London coachbuilder, Lionel Lukin, 
who was interested in the sea, and who had 
planned an unsinkablc craft. A fishing-boat was 
refashioned by Lukin and was stationed at Bam- 
burgh in Northumberland in 1786; it was the 
first lifeboat to based on a shore. A second 
lifeboat was built and kept by a local committee 
at the mouth of the Tyne. During the next 14 
years thirty more lifeboats were set up by local 
committees and charities round the coasts. 

In 1823, hoping to enlarge and co-ordinate 
these local efforts, Sir William Hillary launched 
an appeal for the starting of a national lifeboat 
service. The Royal National Lifeboat Institu- 
tion was founded, and embodied all Hillary's 
far-seeing plans. It is chiefly to him that the 



LIFEBOAT 




THE ST HFI rCR (jERSEY) LIFEBOAT 

nation owes this voluntary institution, which 
has saved more than 76,000 lives. When the 
institution was founded, it was laid down that 
it should go to the rescue of all people, w hatever 
their nationality, in war or peace. During the 
Second World War 6,376 lives were saved by 
its efforts. 

The Institution receives great help from the 
coastguards, whose chief duty is now the saving 
of life. They man the coasts of Great Britain 
and Ireland and keep watch at about 180 regular 
stations. Roughly a third of these stations are 
situated at danger-points where a continuous 
watch is kept; at a similar number of stations 
a regular night watch is kept; and at the re- 
mainder watch is kept only during bad and 
thick weather. In addition there are nearly 180 
auxiliary stations which are manned by local 
men, mostly members of the voluntary Coast 
Life-Saving Corps, about 5,000 strong, who keep 
w^atch whenever the weather is bad. The regular 
coastguaids are nearly all recruited from naval 
pensioners. They are equipped with rocket 
apparatus and breeches-buoy gear for bringing 
people ashore from ships wrecked near the land, 
and they fire maroons to warn the lifeboat 
crews. 

Although all coastal lifeboats in this country 
arc maintained by the Royal National Lifeboat 
Institution, they are built to different designs 
to suit local conditions. Some are larger than 


others; some are very light so that they can be 
launched from the beaches; heavier craft are 
launched from slipways. All, however, arc im- 
mensely strong, and virtually unsinkable by 
reason of their many watertight compartments. 
They are equipped with a number of enclosed 
air-chambers to make them extremely buoyant, 
and can automatically empty themselves of 
water. Many lifeboats are designed to right 
themselves when capsized, and some can carry 
up to 100 people. All are painted in the famous 
red, bjlue, and white of the R.^vl.L.I. 

Most modern lifeboats are driven by motors 
housed in a watertight compartment; steam- 
driven lifeboats were never very efiicient, and 
the days of rowing or sailing a lifeboat are past 
The lifeboat to-day is equipped with man> 
scientific devices to render her difficult tasks 
easier, such as an oil spray to smooth broken 
water, searchlights, radio, line-tin ov\ing appara- 
tus, and so on. The most powerful lileboat in 
the world is stationed at Dover. 

Lifeboats are often launched by their own 
weight down a slipway. In certain aicas local 
volunteers still run the lifeboat dow n the beach 
to the sea. On many beaches, however, launch- 
ing is earned out by a specially designed tractor 
with engines which arc protected against water 

Some of the lighter beach-launched boats can 
be loaded on to specially designed carriages, 
with caterpillar tracks; they are thus towed by 
a tractor to a place suitable lOr launching, ac- 
cording to the direction of wind and sea. Sailing 
lifeboats, in the past, were sometimes taken 
considerable distances by road or horsc-diawn 
vehicles, to avoid long beats against head-on 
gales. 

See also Wrecks and Wri ckfrs. 

LIFTS AND ESCALATORS, i. Lifts. These 
arc cars or cages lor raising goods or passengers 
from one level to another. They are called 
‘elevators* in America. Lilts became nccessaiy 
when business buildings were bililt many stories 
high, or railways far underground.. The sky- 
scraper buildings of New York make lifts vitally 
important. 

Though hoisting machinery was used lon^ 
before, the history of the lift really begins in the 
17th century, when a French engineer, called 
Veiayer, made a simple kind of lift which could 
be operated by hand, water, or animal powei 
Hydraulic lilts worked by water under pressuie 
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were introduced at the beginning of the 19th 
century. Another step forward was made with 
the invention of a lift suspended by two ropes, 
which used counterweights so that only the 
extra weight of the lift’s cargo had to be pulled 
up. It was worked by hauling by hand on an- 
other rope. 

In "1850 a crude steam lift was made in the 
United States, but it was not successful. In 
1852, also in the United States, came the first 
lift to have safe^ devices. It was invented by 
Elisha Graves Otis of New York. A model was 
installed in London at the Crystal Palace in 1853, 
with a safety device which consisted of a pair of 
spring-loaded teeth or pawls which engaged in 
a vertical rack to prevent the lift from falling. 
About 1876 Baldwin’s hydraulic lift began to 
take the place of earlier types. 

The first electric lift was made in Germany 
in 1880, worked by an electric motor below the 
ear. It was developed in America, and in 1889 
Otis installed vi a W v' York building two elec trie 
elevators, driven by individual motors. 

Most passenger and goods lifts are now either 
hydraulic or electric, and have two sets of gates, 
one fixed on the landing platform, and the other 
attached to the travelling car itself. Both gates 
must be closed before the lift will w'ork. Some 
lifts are operated by the passenger, who pres.ses 
a button marked with the number of the floor 
to which he washes to go, and then the lift wnll 
automatically stop when that floor is reac hed 
In other ca«es a lift may be worked by an 
attendant. A small panel bearing signal lights 
is in the lift, and a similar panel on each 
landing. The lights indicate the position of 
the lift. A lift can also be ‘called’ to any flooi 
by a press-button electric switch. Ir very tall 
buildings non-stop lifts arc used, some of whicli 
reach a speed of between 1,800 and 2,000 feet 
I)er minute. The safety devices used in these 
lifts include electro-magnetic brakes and auto- 
matic speed governors. 

London Transport uses lifts in many undei 
ground stations, the modern ones being elec- 
tric and fully automatic, and running swiftly, 
smoothly, and silently. A gramophone record 
warns passengers to stand clear of the doors. 

It is not possible to estimate exactly the num- 
ber of passengers carried by lifts, but it has been 
suggested that in the U.S.A. alone some 30,000 
million people are carried up and down in a 
yep-r. • 
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DIAC.RAM OF AN FSC/ ».ATOR 

2. Escai.ators are moving staircases. An 
escalator is made of a succession of metal and 
rubber treads iastened together in an endless 
belt, which moves round and round; the upper 
side, on which the passengers stand, may go 
cither up or down. At the top and bottom the 
treads flatten out so that people can step on 
and off safely, but the rest of the way the treads 
are arranged like a staircase. The passenger may 
either stand still on one step or, if he is in a 
hurry, may walk up or down. The speed at 
which moving staircases run varies with th(* 
amount of traffic they are designed to carry. 

Escalators are being used more and more 
in many kinds of buildings, as well 21s in rail- 
way stations. Modern escalator S)Stems save 
time and energy, and are very popular with 
the public. One escalator will carr)' many times 
the number of passengers a lift can. London 
Transport is one of the largest users of moving 
staircases in the world. 

See also I..ONDON Transport, 

LIGHTHOUSES AND LIGHTSHIPS. The 

oldest lighthouse was the Pharos at Alexandria 
in Egypt which was built about 285 B.c. It was 
300 feet in height, and the light is said to have 
been visible for about 30 miles. The oldest ligf 
house on the English coast was probably the one 
established by the Romans at Dover. 

For centuries such lighthouses as existed were 
merely guiding lights to particular harbour*?. 
Most of the lights were then exhibited from 
ordinary dwelling-houses, a small charge for the 
upkeep of the light being collected from ship- 
ping using the port which the light served. 
'The inefficiencies of the lanterns or fires, as 


well as the false lights 
sometimes shown by ship- 
wreckers, made the night 
approach to our coasts 
extremely dangerous; and 
most vessels used to prefer 
to lay-to off the land until 
the dawn. Various •mon- 
archs found the sale of royal 
patents to establish ligh(r 
houses a useful form of 
raising mbney, the owners 
of the new lights recouping 
themselves by charges col- 
lected from the agents of 
passing shipping. Those 
early lights were often merely coal fires burning 
in cressets or fire-pans and kept bright by the use 
of bellows. Exposed to gales and rain, their 
brilliance was, how'ever, very unreliable. When, 
later, the coal fires were enclosed in glass, the 
smoke nuisance and otiicr diflicultics resulted 
in little improvement. 

Even as late as the beginning of the ir^ih 
century a great many lighthouses were in private 
hands; but in 1836 au Act of Parliament gav» 
the Trinity House Corporation (q.v.) powers 
to buy out private owners of lighthouses in 
England and Wales. To-day navigational aids 
are installed and maintained by three bodies: the 
/Frinity House Corporation covering the coasts 
of England and Wales, and Gibraltar; the Coiii- 
mi.ssioners of Northern Lighthouse.s, covering the 
Scottish coasts and the Isle of Man ; the Com- 
missioners of Irish Lights, covering the coasts of 
Ireland. In certain matters the Trinity House 
Corporation has overriding authority over the 
other two bodies. 

With the exception of ships of the Royal Navy, 
fishing-boats, and certain other exempted ves- 
sels, all ships contribute to the upkeep of these* 
navigational aids in the form* of light dues. 
Varying according to the class of vessel and the 
trade on which it is engaged, these dues average 
only a few pence per ton per voyage.’ 

Modern lighthouses are erected cither on 
rocks, shoals, or in other situations exposed to 
the force of the sea, or on high promontories 
ashore. The structure of the lighthouse depend^ 
on its Location; so far as lighthouses on rock- 
arc concerned there arc four different type* 
of structure. These arc masonry and concret( 
structures, openwork steel and iron-framed erec 



tfons on pile or other foundations, cast-iron 
]jlated towers, and structures erected on caisson 
(watertight compartment) foundations. 

Where, good foundations can be found, 
masonry or concrete structures arc generally 
preferred, and the tower put up by the great 
engineer John Smeaton ontheEddystoneRockofF 
Plyrnouth in 1756 is the model upon which most 
later designs were based . Circular towers erected 
•on bases with vertical sides are considered the 
best design, since they offer least resistance to 
the wind and waves, and the bases receive the 
lull horizontiil thrust ol the sea. External pro- 
jections from the face of the tower are usually 
avoided, and the tower must be high enough 
above sea-levcl for the light not to be obscured 
by dense spray. 

Openwork st(*el and iron -framed erections are 
used where the tower has to be carried on a 
loundation of iron or steel piles driven or screwed 
to an insecuie or sandy bottom. Cast-iron 
plated tower** i» "^sed in plarcs where the cost 
<ji stone or the scarcity of labour make other 
methods too expensive. Ckiisson foundations arc 
used where tow’crs have to be erected on sand- 
banks or shoals. 

Tire w<iy^ light is produced depends largely 
on the position of the lightlunrse. Where it is 
possible to lay high-tension cables to the light- 
house or when the structure is large enough to 
house its own generators, electric power is used, 
otherwise incandescent mineral-oil burners or 
acetylene g4.s are the usual types of illuniinant. 

The huge glass lenses which magnify the 
lights are of highly scientific and complicated 
design and manufacture. They are housed in 
tlie lantern whicli, for the largest lighthouses, 
may be anything up to 16 feet in diameter. It 
IS usually rear hed by a spiral staircase. 

In order that mariners may be able to check 
their positions wdien at se«T, each light shows 
only for a certain number of seconds at a time; 
this is managed cither by a revolving screen 
with variable openings in it, or by a cylindrk 
SCI ecu raised and lowered around the burner. 
White and red are the chief colours used for 
lights, since these arc the colours which can be 
best at a distance. The particular type of 
light is shown on navigation charts, for example, 
FI. cv. 5 secs. 2 M’, which means ‘a white flash 
every 5 seconds witli a visibility up to 2 miles’; 
or *Gp. FI. (5) W.R. ev. 20 secs. t 88 ft. 20 M’, 
mi'aning ‘five white flashes every 20 seconds 
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shown in the safety sector and five red flashes 
every 20 seconds in the danger sector with 
visibility up to 20 miles from a lighthouse 188 
feet above sca-lf'veF. The difference that can 
be seen betwee*. occulting and flashing lights is 
that the former every now and then go out, the 
time of darkness being always less than or equal 
to that of light ; the latter show flashes of light 
at regiuar intervals, the time of darkness being 
greater than that of light. 

The revolving light apparatus is sometimes 
lolated by clockwwk mechanism actuated by 
weights or spring driven. Wlierc electric current 
is available, electric motors are used to rotate 
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the lights; similarly, in lighthouses with gas-lit 
apparatus, the gas is used to revolve the lens 
table. 

Fog-signals were almost unknown until the 
mid- 1 9th century, but are now used in most 
lighthouses and lightships. Bells and gongs are 
the oldest forms of fog-signals; explosive sound 
rockets, acetylene fog-guns, whistles, horns, and 
sirens are now used, and also diaphones, a ne\\ 
type of signal invented by a Canadian in 1903, 
which gives a very penetrating sound from a 
conical horn. Whistles and reed horns are not 
used round the coasts of Britain, because tliey 
arc thought to be wasteful and likely to be 
confused with steamers’ whistles. Diaphones and 
sirens arc most commonly used when space to 
store the equipment is available and when long- 
distance signals are required. 1’hese insti uments 
are actuated by compressed air. 

Shore lighthouses are looked alter by two 
men — a third man being added when fog-signals 
also have to be worked. Rock lighthouses have 
a total crew of four, three of whom arc always 
on duty. The men who attend isolated rock 
lighthouses usually spend one month out of 
three on shore. Rock lighthouses and lightships 
arc relieved by tenders; and frequently when 
the weather is rough, men and stores have to be 
transferred to the lighthouse by a rope. Light- 
houses and lightships in exposed place.s keep a 


reserve of stores for the times w hen storms pre- 
vent the tender reaching them. 

Some modern lighthouses, usually of secon- 
dary importance, such as the Rock Light at 
Liverpool and the light at Great Orrne Head 
in Carnarvonshire, are unattended; but they are 
kept under constant observation and arc gener- 
ally visited once or twice a week. 7 'hey are 
lighted by electricity or acetylene gas, and with 
the latter an ingenious device is used to save 
gas. The lamps are fitted with sun-valves whicli 
expand under the influence of daylight, and by 
doing so switch off the gas. This is rekindled 
from a pilot-jet when daylight fails. 

The early lightships were Dutch galliots — 
strongly built cargo vessels bought for their sea- 
keeping qualities. Their high poops and bows 
and low waists made them sucl\ suitable craft 
that modern steel lightships are constructed on 
similar lines. The oldest lightship is believed 
to have been the Nore, established in 1732, at 
the mouth of the Thames. Like the lighthou-ses, 
some of the earlier lightships appear to have 
been privately owned. Before the Second World 
War the large majority of lightships were moored 
round the approaches to the Thames estuary, 
but since the war some of these have been re- 
placed by other arrangements. The Nore light, 
for instance, is now shown from one of the sea 
forts constructed in the Thames estuary during 
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the war to protect shipping from aerial mine- 
layers. 

Lightships are moored to 3-ton anchors with 
chain caj3lcs. In open waters, where precise 
marking of a dangerous place is not necessary, 
long cables are used, which act as a steadying 
influence on the lightship. In more confined 
waters shorter cables enable the ship to mark 
the obstruction more exactly. 

• The light is supplied by incandescent acety- 
lene or oil burners, or high-powered gas-filled 
electric lamps, l^og-signals are usually sirens or 
diaphones worked by compressed air, the com- 
pressors being driven by steam or oil engines, or 
in the more modern ones by semi-diesel engines. 
The lights of modern ships arc mounted on steel 
lattice-work towers, and arc reached by steel 
ladders. 

Lightship crews consist of three masters, three 
lamplighters, three fog-signal drivers, and three 
seamen. Leave is so arranged that one master 
and eight ratings nre always on hoard. The men 
are iisiuilly from the Merchant Serv'ice. 

See also J.iFLiJOAr; Signals at Sla; VVrfcks and 
VVrfckers. 

LIGHT SIGNALLING. The oldest forms of' 
signalling by means of light are beacons by 
night, and mirrors to reflect the sun by day. 
Both methods were still in use in the Second 
World War. The escape kits of airmen and sea- 
men included a polished steel mirror, with a 
sighting device so that if they were wrecked, 
they could aim the signal flashes in any chosen 
direction. In some areas jungle troops laid out 
patterns of blazing oil by night, to signal to 
aircraft. 

Mirror signalling, in the form of the helio- 
graph, reached a high pitch of efficiency in cam- 
paigns pn the north-west frontier of India and in 
the South African War (1899-1902). This in- 
strument consists of a mirror mounted on a stand. 
The mirror is svyi veiled so that a signaller can aim 
‘the long and short flashes of the Morse Cod" 
(q.v.) towards another signaller who may be miles 
away. The drawback of the heliograph is that it 
is useless without sunshine. To-day it has been 
laigely replaced by the portable Aldis lamp and 
also by the more powerful signalling lamps used 
in the Navy. In these an artificial light is focused 
hy a mirror in the shape of a paraboloid, a 
curved surface W'hich reflects the light in one 
compact beam. The Aldis lamp can be held in 



diagram op an aldis lamp 

The current is let! through A to the hiilb B. C is the light 
switch, D ihc trigger wliich moves the mirror A'. F is a 
telescope 

one hand, while the mirror is moved by a triggei 
(see diagram) . Naval signalling lamps were first 
introduced in 1864. They arc powerful search- 
lights with fixed mirrors, and arc covered by 
metal shutters resembling the slats of a Venetian 
blind; the slats open and close at the movement 
of a lever, thus sending messages by Morse 
code. 

Light signalling is generally used by aircraft 
as a special measure only. Ships use it more often 
to supplement radio. Ships entering or leaving 
harbour c' night arc in touch with the port 
authorities y light, though in daytime they 
would make more use of Flag Sign ai. ling 
(q.v.). Ships at sea during war time, rather than 
disclose thc’r position to an enemy equipped 
with radio direction-finding, may signal with 
closely screened lamps, or with infra-red lights 
invisible except to those equipped with special 
glasses. Aircraft-carriers can control their pilots 
by showing bars of light of different shapes and 
colours, visible only at a certain angle from the 
deck. 

Pyrotechnics, or fireworks, arc used for identi- 
fication, to summon assistance, and to make a 
few standard coded signals. The cartridge of the 
Verey pistol, after being fired into the air, throws 
out from itself a succession of differently coloured 
stars, and the various colour patterns have their 
special meanings in code. Rockets arc used in 
much the same way, particularly as a distress 
signal, and all ships and lifeboats carry them. 

See also Sir.\,M,s: Ligiithoitst^ and Lightships. 
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LINER. This term rightly belongs to any ship 
which maintains a regular service, whether for 
passengers and cargo, or only for cargo. The 
liner proper ranges from 6,000 to 80,000 gross 
register tonnage. Very much smaller ships, how- 
ever, carry passengers in all waters of the world ; 
they are often miniature copies of the larger 
ships, and the regularity of their sailings, even 
if only on coastal voyages, entitles them^ to be 
called liners. 

No ship runs for the exclusive use of passen- 
gers; even the transatlantic giants carry mails 
and a certain amount of valuable cargo. In the 
East-bound liners cargo is very important. The 
Suez Canal (q.v.) limits the size of mos ships 
going to South Africa, India and the Far East, 
Australia, and New Zealand, and only in the 
Atlantic trade can the world's largest ships be 
used. The East-bound liner may carry about 
a thousand passengers; the transatlantic ships 
frequently carry double that number. An im- 
mense amount of organization is necessary to 
look alter 2,000 people for several days and 
nights, provide them with meals, beds, baths, 
serv’ice, and entertainment, when no ficsh sup- 
plies can be obtained until the ship reaches the 
next port of call. 

The liner ma^’ be diiven by steam -recipro- 
cating engines, steam-turbine, diesel, turbo- 
clcctric, or diesel-electric motors. All express 
passenger liners, however they are propelled, 
are fast ships; any that fail to maintain a cruising 
speed of more than 20 knots (20 sea miles per 


hour) soon lose their place in their fleet. In addi- 
tion to the navigational aids and safety devices 
found in all ships, the liner is equipped with 
echo-sounding gear, which automatically records 
the depth of water beneath the vessel; radio 
direction-finding gear, for obtaining the liner’s 
position when approaching land; radar, which 
permits the crew to avoid other ships and 
obstructions at night or in fog; as well as gyro- 
scopic compasses, automatic fire-alarms, and 
cargo-handling machinery. A^odern liners are 
fitted \vith stabilizers which prevent their rolling. 

For many years there was disagreement about 
the interior decorations of liners; some ship- 
owners thought that a ship should look like a 
ship; others thought that it should be disguised 
to look like an hotel, and so inspire confidence in 
the timid landsman. It is now clear, how^ever, 
that most passengers, particularly on the easlern 
routes, like sea voyaging, and appreciate the 
change from hotel to ship. 

The red plush and gaudy hangings of former 
years have now' disappeared, but luxuiy and 
comfort have increased to a remarkalile degree. 
The huge entrance hall with its imposing wide 
stairways remains. There are paintings by 
famous artists. Cabins and suites are very 
luxurious, wdth simple, well-designed, built-in 
furniture, private bathrooms, electric fires, con- 
ditioned air, telephones, and so on. There is a 
playroom for young children^ often wdth an 
artificial beach and a paddling pool, and a 
trained woman in charge. "I’hc liner also has a 
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cinema, a swimming-pool, shops, gymnasium, 
laundry, hospital, hair-dressing saloon, and 
electric lifts serving all decks. The service is 
deft, sileht, and courteous. The accommodation 
for the crew in these ships has also changed, and 
seamen -now live in comfortable cabins vastly 
different from the forecastles, usually wet and 
badly ventilated, where the seamen of earlier 
times lived and ate. The purser is in charge of 
the complicated organization which provides 
food, linen, stoiies, heating, and cooking for the 
passengers and for the 400 or more members of 
the crew. 

The smaller liner which specializes in cargo 
may not carry more than twelve passengers 
without a certificate from the Board of Trade. 
In these ships no orchestra, shops, or lifts will 
lie found, but quarters are comfortable, and the 
passengers are admitted in some part into the 
eomradeship of the sea. The passenger who 
books accommodation in this class of ship need 
not fear that he will travel in something ill- 
found and out of date. 

It is important Icir the passenger or cargo 
liruT to keep a rigid time sc hedule. When she 
leaves Iier home port on, sa)', 5 September, 
bound to the ends of the earth, her officers and, 
what is even more important, the world’s 
shijipers and inerehants, know that, barring 
arrident or unforeseen hold-up, she will be back 
at her berth on, say, 7 December, Factories 
making goods for export plan tlieir output Oii 
th(\se schedhlc'S, and a dock strike or some other 
deday to liner shipping will be I'clt lor months 
afterwards in places all over the world, ofit ii 
far from the sea. 

Outward bound from Britain, the cargo liner 
loads a cargo of manuJlictured goods such as 
motor-cars, railway roaches, sewing-machines, 
or cotton and woollen goods. On the homeward 
voyage, it she* is a general cargo liner, she will 
carry chiefly raw materials and I'oodstuffs, such 
as tobacco, ratv cotton, hard-v\ oods, or sugar. 

A large number of cargo liners specialize ii 
one or more particular trades. Chief of these are 
Refrigerated Ships, which carry meat and fruit 
{\**e Ship). Among them are special banana ships 
which carry no other cargo, and these graceful, 
fast, well-found, all-white vessels arc deservedly 
popular with the cargo-liner passenger. 

The cargo liner carries a number of derricks 
(a form of crane), winches, and other cargo- 
Ivandling equipment. If she is one of the special- 
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ists, her gear will include some of the intricate 
unloading machinery which has been devised 
for each particular trade. She has fewer boats 
than the passenger liner, and also generally less 
superstructure. She will carry some deck cargo, 
such as carboys of acid, a tram, or a rail way 
coach. On the bridge slic is probably as up 
to date as a passenger liner, and there is little 
diffeserice on the navigational side between the 
two types of vessels. 

The regular sailings of a liner have a great 
effect upon the trades and^ industries of the 
world. A liner loading at the docks causes im- 
mense activity in road, rail, and water transport. 
When the passengers begin their journey to the 
embarkation stage, hotels, passenger transport, 
and travel agencies are all affected. The ship’s 
business in preparation for sailing gives rise to 
fresh activity in insurance offices; numerous 
cables and letters are sent, and hundrcxls of 
telephone calls are made. The replacement of 
stores and equipment calls for deliveries from 
paint manufartnrers, furniture-makers, gl.iss 
Victories, elec'trical industries, rope-makers, 
cutlers, naj)ery manufacturers, and scores of 
other industries. Huge quantities of fu(‘l, either 
coal or oil, must be loaded; enormous freshwater 
tanks must be filled; and lar^e suppliers of food 
go into the ship’s store-njoms. At the main post 
ofliees mails arc sorted and dispatched to the 
ship, whilf* countless rlei ks, dockers, and watei- 
men w^rnl- o help the siiip catch the tide on 
sailing da\ . 

'1 he greatest liner port in the British C’ommon- 
wealth u London, for some 700 regular sailings 

more than 300 ovci'seas ports take place from 
the Thames each month. Approximately 140 
liners are loading or discharging at the doc'ks of 
T.ondon each day. From Tilbury one can watch 
the great ships embarking passengers at the Til- 
bury Ocean Stage, and a constant stream 01 
vessels, langing from 28,000-toii liners in tlie 
Au.stralian trade to little coasters, all on regular 
sailing schedules, pass up-stream to the docks or 
down-stream to the sea from 2 hours before 
to 2 hours after high water. ‘The liner, she’s 
a ladv’. as Kipling wTOtc, and upon her our 
safety and well-being largely depend. 

Sec also Ship; Ship’s Company; Navigation, Marine; 
Pours AND Haruours. 

See also Vol. VII; Shipping. 

LIP READING, sef Di- \i I.angxtages. 
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CHARI ES V ARRIVING \T ST. DENIS IN A lirrFM 

I5th-cciiiury miniature by Jean Fouquct 

LITTER. This word comes from the Latin 
lectusj a bed. In Roman times litters were much 
used as means of transport by the wealthy, 
especially by ladies. They were shaped like a 
bed, without legs, but with a canopy above and 
curtains round the sides, which could be drawn 
back or across at the rider's pleasure. The lit ter 
was fixed on two long poles which rested on the 
shoulders of four slaves, two in front and tw'o 
behind. Sometimes the litter was made like a 
double bed, so that two people could travel to- 
gether. In medieval times, when the roads were 
in a very bad state, those who could not ride a 
horse were often carried in litters. These were 
usually borne by two horses, one betw^een the 
poles at the front and the other at the back. 
Such litters were used, especially for royalty, 
until sprung Carriages (q,v,) were introduced 
in the late 1 7th century. Queen Elizabeth, when 
she did not ride, often travelled in a horse litter. 

A palanquin is a type of litter used especially 
in India for making journeys over country where 
there are no good roads. It is built of wood on 
the same pattern as the Roman litter, and has 
wooden shutters or slats which open on the 
principle of a Venetian blind. There are four 
rings, fixed one at each corner, through which 
the poles run, and the vehicle is carried by 
four bearers called hammals. The palanquins of 
the Indian princes are very magnificent. 

LLOYD’S. Lloyd’s is not, as is generally sup- 
posed, a huge insurance firm; it is an association 
of underwriters — that is, people who undertake 
insurance. Lloyd’s itself issues no insurance 
policies; but insurances are undertaken by indi- 


vidual members for their own account and At 
their own risk. Members of Lloyd’s have to be 
elected, and have to put down a substantial sum 
of money as a security against their unc^erwriting 
liabilities. The purpose of Lloyd’s, therefore, is 
an insurance of the reliability of its members. 
Every kind of insurance can be effected there — 
kinds of business which not many ordinary 
insurance firms can undertake. It is possible, 
for instance, at Lloyd’s to insure the success of a* 
ftte against the disaster of bad weather; or to 
insure • valuable personal possessions when 
travelling in foreign countries. Lloyd’s business 
was at first only with shipping, and it is still used 
by shipowners from all over the world because 
of its great security. But its business now is as 
much non-marine as marine. 

The name comes from a former coffee-house, 
the proprietor of which was named Lloyd, where 
underwriters gathered to exchange news. For 
their benefit, lists of shipping movements were 
displayed there. From this custom has grown 
Lloyd's List and Shipping Gazette, a daily new^s- 
paper, more than 200 years old, which publishes 
shipping news, including all recorded shipping 
movements. Lloyd’s provides many other ser- 
vices for the shipping industry. It has a network 
of agents covering the coast-line of the globe, 
and from them news of shipping pours into the 
offices in Leadenhall Street and thence to inter- 
ested shipowners and merchante. The famous 
Lutine Bell recovered in 1859 from the frigate, 
La Lutine, sunk off Holland in 1 799, is rung to 
announce the arrival of news of an overdue 
ship; one stroke is given for bad news and two 
for good. 

Lloyd’s must not be confused with Lloyd’s 
Register of Shipping, a separate organization 
with offices in Fenchurch Street. From there is 
published the annual volume known as Lloyd's 
Register of British and Foreign Sfiipping, which 
records the size, details of construction, propul- 
sion, capacity, ownership, and other particulars 
of all vessels over 100 gross register tonnage. 
The system of grading ships carried out by the 
surveyors of Lloyd’s Register has done as much 
to ensure a high standard of safety in both 
British and foreign vessels as have the regula- 
tions of governments. The highest classification 
of ships is ‘100 A I. at Lloyd’s’, and the term 
has passed into the landsman’s vocabulary as a 
standard of excellence. 

Sec also Vol. VII : Nsdrangb. 
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EOADING GAUGE) RAILWAY, see Gauges, 
Railway. 

LOCKS AND WEIRS. Locks are built to control 
the flow of rivers and canals, so that boats may go 
up or down stream without danger, and so that 
water may not be wasted. A series of locks is 
like a flight of stairs. A lock is a short compart- 
ment of a canal or river, with gates at either end. 
It has side walls and a bottom. The reach of 
water or ‘pound’ above it is higher than the 
reach below it, the lock must be deep .enough 
to cover the distance between the bottom of the 
lower reach and the bank level of the uppei 
reach. Across the top end of the lock there is 
a wall as high as the bed level of the uppci 
reach. There arc sluices, which open and close. 
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either in the lock-gates oi in culverts (tunnelled 
passages) which pass behind the gates into the 
lock. I’hc loc k is filled or emptied through these. 
Of couise, when the lock is said to be empty, Ii 
does not mean there is no watei in it at all, but 
merely that the water in it is at the level of the 
lower reach {see Fig. i). 

Locks may be built c:)f brick, concrete, steel 
sheet or concrete piling, timber, or of some com- 
bination of these. They must be large enough 
to take the largest vessels, fully loaded, which 
are likely to use the w^aterway; in canalized 
rivers, and v^here water is plentiful, they may 
be made to take several vessels at one time; ii 
this is done, ihtermediate gates may be provided 
to shut ihe lock off into sections, so that ti 
whole large lock is not used for a few small boats. 
Sometimes several locks of different sizes are 
built alongside one another, as at Teddington 
on the Thames where there are three locks, each 
of which takes a different size of vessel. When 
a boat descends, the lock must be full of water. 
The top gates arc opened, the water being re- 
tained by the lower gates, and the boat enters 


the lock. Then the top gates arc closed, and 
the bottom sluices opened, so that the level of 
water in the lock, and the boat with it, is lowered. 
When the lodk is ‘empty’, the lower gates arc 
opened, and the boat moves into the canal at 
the lower level. When a boat is going up 
through the lock, the reverse process takes place ; 
the lock is filled by opening the sluices at the top. 

Resident lock-keepers operate all important 
locks’, or those where river traffic is checked. At 
most country locks on canals in England, how- 
ever, the boat crew operates the locks, and the 
lock-keeper may have several locks to look after. 
On the Thames and other rivers wdierc there is 
pleasure traffic, the traditional English lock- 
keeper of Edwardian days, with his whitewashed 
or creeper-clad cottage and trim, decorative 
garden bright with flowers, is still to be seen b) 
the summer visitor. 

Locks vaiy^ gieally in height on different river*^ 
and canals. In England the average rise in 
level for narrow canal locks is about 7 feet; the 
locks on the Albeit Canal in Belgium have a lise 
of 32 feet; while in the United States lises up to 
70 feet are not uncommon. The extent to which 
electrical and mechanical devices are used for 
operating the gates varies with the size of the 
locks. ^ 

For the smaller locks the gates are usually 
made of oak, and are mitred, that is, they meet 
at an angle across the lock, being letained in 
position 1 V a sill laid in the bed and held in at 
the heel lock side by anchorages; the gate 
chainbei lecesscd in the lock so as to leave no 
projections when the gates are open. Large 
gates are built of steel sections and are similar 
to ship lock-gates in docks. 

When flood waters have to be passed through 
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a lock, vertical lift or radial gates are often used, 
as they give a quicker discharge than sluices; 
that is, the lock-gates, instead of opening side- 
ways up-stream, as mitred gates dA, which would 
be impossible against a head of water, they lift 
or pivot upwards, so that the water passes below 
them {see Fig. 2). As the vessels also have to 
pass below them, they are not so convenient for 
traffic unless they are built high enough not to 
restrict the head-room for vessels. Small "gates 
are provided with a projecting top beam for 
opening and closing the gate; larger gates are 
worked by hand-operated gearing; while gates 
of the largest size are power-operated. 

Where water is scarce, ‘economizers’ c " side 
ponds are built alongside the lock and con- 
nected to it by sluices; the levels of these are 
so arranged that the top water of the lock 
empties into the side pond, where it is retained. 
When the lock is being filled again to allow a 
boat to go up through it, this water is used first — 
as the bottom layer as it were. The top layer 
of water has to come from the upper reach of 
canal as usual. 
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FIG. 3. ANDF.RTON BOAT LIFT, KIVFR WEAVER, CHR»URB 


Lifts and inclines arc an alternative to locks, 
and use less water. Inclined planes, where the 
boat is taken bodily from the water on to a 
carriage running on rails, are not now in use, 
except occasionally for boats of small’ size. In 
the inclined lift the boat is carried in a tank or 
trough filled with water and mounted -on rails. 
Two counterbalanced tanks are used, one of 
which goes up as the other comes down. The 
more common arrangement, however, is the^ 
vertical lift, where the boat is again carried in 
a trough, gates and counterbalances being pro- 
vided. There are several lifts on the Continent, 
but the Anderton lift, on the River Weaver in 
Clicshire, is the only one now in use in Great 
Britain. It consists of two independent movable 
tanks, which can each take two narrow canal 
boats with about 50 tons of cargo. The tanks 
are lowered and raised elcctricdlly through a 
height of about 50 feet (see Fig. 3). 

A weir is a dam placed across a river or stream 
to raise tlie level of water above it. Often a 
second channel is cut for a river over a short 
distance, and a lock placed on one branch and 
a weir on the other. If a gate is placed in the 
weir, it is called a sluice or flood-gate; but if the 
gate can be raised high enough lor a boat to 
pass under, or if it is hinged at the base and 
allowed to fall horizontally or to open as a lock- 
gate, then the arrangement is known as a 
‘stanch’ or ‘staunch’. Sometimes it is also called 
a ‘navigation weir’ and a ‘flash I6ck\ 

Staunches are tlie alternative to locks in a 
river, and are still used in isolated cases on some 
rivers in England to pass pleasure-craft or flats 
(small raft-like boats used by farmers for moving 
manure, hay, and so on) , or maintenance boats. 
They are usually placed below shallow places. 
When in position or ‘set’, they stop the flow, 
so that water accumulates, and when there is 
enough water above them to float the boat 
coming down over the shallows*, the staunch 
gate is lowered or drawn, and the boat passes 
through on the flood of water into the lower 
level. When the boat is going up-stream, it 
passes through the staunch, which is then closed; 
the boat then has to wait until the water has 
risen high enough to allow it to pass over the 
shallow to the next reach above. Staunches 
waste both time and water, but they were at one 
time used as a means of passing navigation on 
certain rivers in England. 

See also Canals; Riybr Navigation; Barob. 


LOCOMOTIVE, see Locomotive, Steam ; 
Diesel Locomotive ; Articulated Locomo- 
tives; Electric Railways; Gas Turbine Loco- 
motive. 

• 

LOCOMOTIVE WHEEL NOTATION, see 

Locomotives; Glasses and Uses, Section 2. 

LOCOMOTIVES; Glasses and Uses. i. Steam 
Jocomotives can be classed by the kinds of work 
for which they are used. The nature of their 
work is generally made clear by their appear- 
ance. The arrangement of a locomotive’s wheels 
is the best guide, but first all steam locomotives 
might be divided into two main groups, those 
with tenders and those without. For most 
journeys except very short ones, a locomotive 
has attached to it a separate vehicle as a tender 
which carries the supplies of Ihel and water. 
For short journeys, however, and for sliunting, 
a locomotive carries its own coal and water; the 
coal is kept in a small bunker at the rear, and 
the water is stored in tanks, either at the sides 
of the boiler or on top of it. A locomotive of this 
kind is called a ‘tank’ ; when the tanks are on top, 
they are either curved (saddle tanks) or square 
(pannier tanks, resembling the baskets formerly 
carried on horses’ backs). The railways of 
Britain, which have to make short journeys, have 
a greater proportion of tank engines than those 
of any other country. 

2. Wheel Notation. The principal wheels 
of a steam locomotive (those to which the power 
of the steam is applied) are known as the driving- 
and coupled- wheels. The steam cylinders can 
often be seen at the sides of an engine; the 
movement of the pistons in them makes the 
driving-wheels go round. As tlie coupled -wheels 
are linked to the driving-wheels by coupling- 
rods, the power from the cylinders is applied 
equally to all of them. Goupling the wheels 
together increases the locomotive’s ‘grip’ on the 
rails, or, as the engineers call it, ‘adhesion’ and 
■ reduces the tendency of the wheels to slip whe?' 
the power is applied. 

On many locomotives there are other wheels 
besides the coupled wheels, provided to assist in 
distributing the weight of the locomotives over 
a greater length of track. These are small ‘idle’ 
wheels, which run free; no power is applied to 
them. All locomotives intended for fast running 
have four of these small wheels arranged as a 
swivelling truck (a ‘bogie’) under their leading 
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end. At the rear end some locomotives have 
other small ‘idle’ wheels. 

The arrangement of all these wheels enables 
engines to be dassified very simply by a method 
known as the ‘Whyte notation’. I’his consists 
of a group of three figures. The middle figure 
always represents the number of coupled- or 
driving-wheels; the first figure represents the 
number of ‘idle’ wheels at the leading or front 
end df the engine; the third figure refers to the 
‘idle’ wheels at the rear. Thus an engine with 
four ‘idle’ wheels in front, then six coupled 
driving-wheels, then two ‘idle’ wheels at tlie 
rear, would be expressed by the figures 4-G— 2 
(Fig. I rt). Many types, including the ‘Merchant 
Navy’ (Southern Region), have this notation. 

If there happen to be no ‘idle’ wheels, a 
nought must be written in the proper place. 
Ihus a Western Region ‘King’ class engine, 
with a four-wheel bogie in front and then six 
driving-wheels, is written 4 -6-0. One of the 
many small shunting tank engines used by all 
railways, carried only on six coupled driving- 
wheels, is written 0-6- o, or sometimes 0-6- o T 
to indicate that it is a tank engine (Fig. i b). 
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l>rawn lo same scale as i a. 

Various nicknames for .sjiecific wheel arrange- 
ments have now become common in all parts of 
ihc world, though they originated in the United 
Stales. I'hc best-known are ‘Pacific’ for a 4-6-2 
engine, ‘Atlantic’ for a 4-4-2, ‘Mountain’ for 
a 4-8-2, ‘Gonsolidation’ I'or a 2 8-0, ‘Mogul’ 
lor a 2-6 -0, ‘M’i-ado’ for a 2-8-2, and ‘Prairie’ 
for a 2-6 ~2. 

3. Special Purposes. The size of the driving- 
wheels has some relation to the use of an engine. 
When u large diiving-wheel of 18-foot circum- 
ference makes one revolution, it pulls a train 
18 feet forward along the rails. When a smaller 
driving-wheel of 12-foot circumference makes 
one revolution, it pulls a train only 12 feet for- 
ward. Therefore, less effort is needed to make 
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the smaller wheel turn once, provided the weight 
of the train remains the same. Most goods 
trains are heavier than passenger trains, so that 
the steam power of an average crlginc can haul 
a heavy goods train more easily if the driving- 
wheels arc smaller than those of a passenger 
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CLASS HEAVY GOODS LOCOMOTIVES 

Koth have the same type of boiler, and cylinders of the 
same dimensions. Greatest difference is the si7e and num- 
ber of wheels, making ‘ >0oo’ class more powerful but with 

a lower speed range. (Drawn to same scale as Fig. i) 

engine (Fig. 2). The principle is similar to that 
of the speed-gear of a bicycle or motor-car (seg 
Gearing, Vol. VIII). 

Express engines have driving-wheels of 6 ft. 
3 in. to 6 ft. 9 in. diameter; goods or freight 
engines from 4 ft. 6 in. to 5 ft. 3 in., and ‘mixed 
traffic’ engines from 5 ft. 8 in. to 6 ft. 2 in. Rail- 
ways are tending fo build more general-purpose 
engines, which can pull either passenger or goods 
trains, and so can be used continuously through- 
out the day. In this category there are the 
‘Green Arrow’ 2-6-2 and ‘Antelope’ 4-6-0 
classes in the Eastern Region, with 6 ft. 2 in. 
driving-wheels; the hundreds of Class ‘5’ 4-6-0 
engines in the Midland Region, with 6-foot 
wheels; and the 6-foot ‘Hall’ 4-6-0 engines in 
the Western Region. 

In early days a single pair of driving-wheels, 
such as those of the famous ‘Stirling’ 8-foot 
single-drivers on the one-time Great Northern 
Railway, provided enough adhesion for express 
passenger work; to-day for the heaviest and 
fastest passenger work we need at least threc^ 
pairs of wheels coupled: in the United States 
many eight-coupled engines arc used for this 
purpose. 

In pa.sscnger work in Great Britain the 4-6-2 
and 4-6-0 types arc now most usual among 
tender engines. Freight trains arc hauled by 
0-6-0, 0-8-0, and 2-8-0 locomotives. General- 
purpose engines are mostly of the 2-6-0, 4-6-0, 
and 2-6-2 types. Of tank engines, 0-6-0 and 


0-8-0 tanks are used largely for shunting, and 
2-6-2 and 2-6-4 tanks for suburban and other 
short-distance passenger trains, but there arc 
many other varieties. 

North American railways, with mOre space 
round their tracks in which to build (see Gauges, 
Railway), have developed much larger loco- 
motives. Some require additional bogies to sup- 
port their fire-boxes at the rear of the boiler, 
and such wheel arrangements as 4-6-4, 4-8-4, 
2-8-4, 4-8-2, 2-10-2, and 2-10-4 are common.* 
Even larger engines are built on the articulated 
principle, with complicated wheel notation, 
especially in the United States (see Articulated 
Locomotives). Tenders in America are often 
carried on six-wheel bogies, and on the Pennsyl- 
vania Railroad eight- wheel bogies are used. 

4* Power Rating. Steam locomotives arc 
also classiBed according to tlieir power, and this 
regulates the load that each class can be ex- 
pected to haul over any given route. In the 
Midland Region this power classification is 
shown on the locomotive as a figure on the side 
of the cab above the engine number, with the 
letter ‘P’ for ‘passenger’ and ‘F’ for ‘freight’. 
Class ‘7P’, the highest passenger classification, 
comprises the Pacific engines, Class ‘6P’ the 
‘Royal Scot’ 4-6-0 engines, Class ‘8F’ the 
standard 2-8-0 freight engines, and so on. Thi.s 
system is being standardized by British Railways. 

The pulling power of a steam locomotive i« 
usually calculated from an engineering formula 
Horse-power is not quoted, except in cases 
where it has been actually measured by a dyna- 
mometer car (see Testing Machines, Vol. VIII). 
With Electric Railway engines and Diesei 
Locomotives (qq.v.), however, horse-powei 
figures are used. 

5* Continental Notation. On the conti- 
nent of Europe the notation goes by axles and 
not by wheels. Thus in France, a 4-6-2 engine, 
by the Whyte notation, becomes* an engine of 
the 2-3-1 type. Sometimes the notation forms 
a part of the number; for example, engine No. 
141-602 may be No. 602 of the 1-4-1 (2-8-2 in 
the Whyte notation) type. In other countries, 
letters are used instead of numbers to indicate 
the coupled wheels — C for 6-coupled, D for 8- 
coupled, and so on. In this case, the British 
4-6-2 becomes an engine of the 2-C-1 type. 

The notation for electric or diesel-electric 
locomotives follows the Continental method in 
indicating driving-wheels by letters. If the 
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(Jriving-axles are all separately motor-driven 
without the driving-wheels being coupled to- 
gether, the driving-wheel letter has a small ‘o’ 
as a suffix. For example, the electric locomo- 
tives for' the Manchester-Sheffield electrifica- 
tion, which are carried on four-wheel bogies of 
which all axles are motor-driven and uncoupled, 
are of the Bo-Bo type. Experimental Southern 
Region electric locomotives are of the Go-Co 
type, being carried on six-wheel bogies with all 
axles motor-driven. 

See also LocOiSOTiVE, Steam; Electric Railways; 
OiLSEL Locomotive; Gas Turbine Locomotive. 

LOCOMOTIVE^ STEAM. I’he various kinds 
of steam-engines which are described in Loco- 
motives : Glasses and Uses (q.v.) have some 
features common to most British types. 

I. Boiler and Cab. The long boiler which 
gives its main shape to a steam locomotive is 
familiar to aF railway passengers, although the 
boilers of som^^ of the fastest passenger engines 
are now hidden by stream-lined casings which 
are intended to increase speed by reducing the 
friction of the air. A locomotive boiler (see Fig. 

I a) consists of three parts, the fire-box (A) at the 
rear end, the smoke-box (B) at the front end, and 
the circular barrel connecting tlie two. Below 
the smoke-box at the front are the massive 
cylinders and the piston-valve chests (Cl. At the 
r«ir the fire lies on the fire-grate (D) in the 
inner fire-box (p].), surrounded on all four sides 
and on top by the water contained in the ouu 1 
fire-box. 

On top of the boiler barrel most locomotive.s 
have a curved steel casing called tlie ‘donic’, 
which houses the ‘regulator’ (!'). This has a use 
similar to that of the accelerator pedal of a 
motor-car. It controls the admission of steam 
from the boiler to the main steam-pipe (G) 
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leading to the cylinders, and is worked by the 
driver’s regulator handle (H) in the ‘cab’ in 
which he stands or sits. Above the fire-box are 
usually mounted the safety v^alves (I), which arc 
spring-controlled and designed to allow steam 
to escape as soon as the working-pressure of the 
boiler is exceeded. In Western Region engines, 
steam is collected from the upper part of the 
fire-box (see Fig. 1 b J) and not in a dome: 
instead, the safety valves are mounted in the 
position of tlie dome (K). 

Fittings in the driver’s cab (sec Fig. 2) include 
water gauges (A), to show the level of the watei 
in the boiler; stcain-prcssure gauges (B) ; controK 
for the iniectors (G) by w^hich the boiler is 
supplied th additional water; controls for the 
Brakes (q.v.); in addition to the diivcr’s 
regulator handle (E) and reversing gear (F). 
T’hcrc IS also the liie-holc door (G), through 
which the firing is done by the fireman. 

2. Steam and Cylinders. The traditional 
piinciple of the railway steam-engine for more 
than a cc’^tury has been to produce steam by 
heating water, and to c ause the pressure of the 
steam in cylinders to move pistons which will 
turn the driving-wheels (see Steam-engine, Vol. 
VIII). The 1 of modern locomotive design 
has been to make the most of the expansive 
properties of the steam. Boiler pressures have 
])een raised, and the temperature of the steam 
has been increased by superheating to 750° F. 
With these improvements it is now possible for 
locomotives to liaul very much heavier loads. 
In some locomotives the steam, after use in one 
or two high-pressure cylinders, is passed to two 
low-pressure cylinders for further expansion. 
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This practice, which has reached its greatest 
development in France, is known as ‘compound- 
ing*. With modern methods the pressure of the 
exhaust steam is relatively low, 'which means 
that a minimum of energy is being wasted up 
the chimney. The noisy exhaust of earlier days 
was often accompanied by a shower of sparks; 
these, however spectacular, were really particles 
of fuel thrown away when only partly consumed. 
By contrast, the modern locomotive at *high 
speed is almost noiseless in its work. 

The exhaust steam from the cylinders is used 
to provide the necessary draught for the fire. 
The steam is led to a nozzle, known as a blast- 
pipe (Fig. I M), which stands in the srnol ‘-box 
under the chimney. The blast-pipe tapers 
inwards, so that the steam escapes from it with 
great force, spreading out in such a way as to 
fill the chimney and create strong suction. This 
draws air through the blazing mass of the fire, 
producing great heat. The heat is led through 
hundreds of fire tubes (N) which connect the 
fire-box with the smoke-box, so heating the 
water — though it is round the walls of the fire- 
box that steam is produced the most rapidly. In 
recent years the draught or suction has been 
increased by using extra blast-pipes. This is the 
reason for the double chimneys seen on London 
Midland Region ‘Pacifies’ and ‘Royal Scot* 
4-6-o’s, and the large diameter chimneys on 
some Southern Region engines. 

The cylinders, in which the pistons move, can 
be cither outside the engine, where the passen- 
gers can see them, or inside — that is, under the 
boiler between the wheels. Outside cylinders 
are preferred nowadays; inside cylinders arc less 
easy to get at, and also require a more compli- 
cated kind of axle. In many British locomotives, 
however, the use of three or four cylinders is 
replacing two-cylindcr practice. The reason is 
connected with the restricted British loading 
gauge {see Gauges, Railway), which limits the 
size of engines to that of tunnels built long ago. 
There is insufficient room to mount two large 
enough cylinders either at the two sides of tlic 
engine, or inside, between the wheels. The 
bigger engines, therefore, have two medium- 
sized cylinders outside, and one or two inside. 
Four cylinders have been used tor the ‘King*, 
‘Castle’, and ‘Star’ class express engines of the 
Western Region and on some London Midland 
Region engines ; three cylinders have been used on 
many Eastern and North-Eastern Region engines. 


3. Boosters. Many modern steam locomd- 
tives in the United States are provided with this 
form of auxiliary power. The booster is a small 
two-cylinder steam unit, usually arr^iinged to 
drive a pair of small wheels at the rear of the 
main driving-wheels of the engine. Because of 
the small diameter of these wheels, the power 
exerted by the booster is great in relation to its 
size. The booster gives valuable auxiliary power 
when it is most needed, as when starting, or* 
when climbing heavy inclines. As soon as the 
locomotive has reached a speed of 15 to 25 miles 
an hour, the booster is cut out of mesh (by an 
action somewhat similar to that of a free-wheel 
on a bicycle), so that at high speeds the loco- 
motive is not hampered by frictional resistance 
from the auxiliary engine. Boosters have been 
tried in Great Britain; for various reasons they 
have not proved efficient, but chiefly because 
of the drain imposed on the steam production 
of the relatively small Biitish boiler. 

4. Fuel. Goal and oil are equally suitable 
for steam locomotives: a choice must be based 
on economic reasons. In Great Britain, with 
the best steam coal in the w^orld, the obvious 
preference has been lor coal; in California, with 
its own oil-fields and long distance from the 
nearest coal-fields, oil-firing is the natural choice. 
Some oil-firing locomotives have been used in 
Britain. 

'Anthracite coal can be burqt, but requires 
very large fire-boxes. Many locomotives on the 
Reading Railroad in the United Spates, which 
serves anthracite coal-fields, were designed with 
fire-boxes of such size that the diiver’s cab is 
perched on the middle of the boiler, ahead ol 
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the fire-box; the fireman has a separate shelter 
in the more usual position at the rear. These 
engines are sometimes known as ‘Camel-backs’. 

At tinjes of fuel shortage, peat (in Ireland), 
lignite or brown coal (in central Europe), and 
cyen maize (in South America) have been used 
to fire locomotives, but with indifferent results. 
In some Eastern countries wood is used as fuel; 
the disadvantage is the speed with which it is 
•used up, the constant stops needed lor refilling 
the tenders, and the excessive throwing of 
sparks. 

The most efficient use of oil as locomotive fuel 
is in the internal-combustion engine, the diesel 
engine in particular, and in the gas turbine. 
Instead of the roundabout method of turning 
the fuel into steam and the steam into work, as 
in the oil-fired steam locomotive, the burnt fuel 
of the internal-combustion engine provides the 
direct power, so that the loss of heat and energy* 
that takes place in the process is much reduced. 

See also Dies: . j.t EiicrRic Railways; Gas 

Turbine LocoMonvr. 

See also Vol. VIII: Steam Engine. 

LOG, SHIP’S, I, This is the instrument u.sed 
to measure the sjieed of a ship. Knowledge oi 
the speed helps the navigating officer to calculate 
tiie position which a ship has reached (see Navi- 
OATiON, Marine). In the earlier days of sailing- 
ships the log was an actual piece of’ wood, whicli 
was’ tied to a very long line wound round a reel 
lield by a sajlor. 'I'he log was tossed over the side 
of the ship, and remained floating at the spot at 
which it fell. As the ship sailed on, the length 
of line in the .sea, stretching from the ship to the 
log, grew longer. At intervals in the line were 
pieces of knotted cord; according to the number 
of these ‘knots’ which passed over the ship’s side 
in the space of half a minute, the number of sea- 
miles sailed in an hour w is known. Thus 5 
sea-miles an hour was represented by the words 
‘5 knots’ (neycr ‘knots an hour’). The half- 
minute was timed by a sand-glass (see Ci.oc.k 
Vol. VIII). A sea-mile or nautical mile is 6,080 
feet, or about one and a fifth ordinary or statute 
miles. The distance was chosen in order to make 
calculation easy, it equals one-sixtieth of a geo- 
graphical degree. 

The modern log is a pr^' ision instrument; it 
consists of a tiny propeller which is towed at the 
stern or side of a ship, or which sometimes pro- 
jects through the ship’s bottom. This propeller 


rotates a steel cable, which records the speed on 
dials on the ship’s bridge and in the chart-room, 
engine-room, and other places, on the principle 
of a motor-car Speedometer (q.v. Vol. VIII). 

2* Log-Book. The word ‘log’ also refers to 
a log-book, in which the master of a ship is 
obliged to have a writter/ record kept of every- 
thing of importance which concerns every 
journey. Changes in the speed and course of the 
ship,* observations of wind and weather, records 
of other ships passed, and matters concerning 
the discipline of the crew must all be noted. 
Besides the ship’s principal Ibg-book, other log- 
books are kept in modern ships, including the 
engine-room log, which records the times of 
starting and stopping the various engines, and 
the speeds at which they are run. Such details 
can be important in the event of a dispute after 
a collision or other accident. 

Sec also Navigation, Marine. 

LONDON BRIDGE. Until the Tower Bridge 
(q.v.) was opened in 1894, London Bridge was 
the last bridge across the T'hamcs, down-stream. 
It connects the City of London with Bermondsey 
and Southwark. The Romans built a bridge 
near the present site of London Bridge ; and so 
did the Saxons who succeeded them. In 
the whole tirnhei structure of an existing bridge 
was renewed ; and in 1 1 76 a new stone bridge 
was begun a little farther up-sti'earn, but w'as not 
finished 1209. Three years later a. fire 

sw^ept hot; ‘uds, trapping a number of people 
who were killed by burning or drowning. To- 
wards the end of that century, after one of the 
great Thames frosts, live arches were carried 
away, and the bridge became ‘so sore decayed 
for w'aiit of reparations that men were afraid to 
pass thereon’. 

By the 14th century London Bridge had been 
built up again, and had shops and houses stand- 
ing on it, and in the middle a chapel dedicated 
to St. Thomas of Canterbury. At each end stood 
a gate, the souuiern one being called tlie Slone 
Cate, and the northern one, where the heads or 
executed traitors were displayed, the Drawbridge 
Gate. 

By tne 1 6th century London Bridge had de- 
veloped into a very elaborate structure. In his 
Survejf of London ( 1603), the chronicler, John Stow 
describes it as ‘a work very rare, having with 
the drawbridge twenty arches made of squared 
stone, of height 60 feet and in breadth 30 feet, 
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OLD I ONDON BRIDGF PROM THE SURREY SIDE OP THE THAMES 
IN 1616 

From an cngra\ing by Nicholas Visschcr 


distant fiom one another 20 feet, compact and 
joined together with vaults and cellars; upon 
both sides be houses built so that it scemeth 
rather a continual street than a biidge’. On the 
southern side the water-power of the river was 
put to good use, for mill-wheels were set in tw^o 
of the arches. • 

In 1632, at a time when the river was fio/cn 
and therefore no water was available, a third of 
the houses were destroyed by fire. During the 
Great Tire of I.ondon in 1666, London Bridge 
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suffered still further. Apart from these disasters, 
the structure was being constantly weakened by 
the stresses set up in the piers by ice during the 
hard winters. Fear for the safety of the bridge 
induced Parliament in 1 756 to decree tKat all the 
buildings on the bridge should be pulled down. 
At the same time the bridge was widened to 
allow a 3 1 -foot carriageway, with a 7-foot foot- 
way on cither side. But by 1825 it was clear 
that still the bridge could not accommodate the, 
gradually increasing traffic, and the present 
Londop Bridge, about 100 feet* west of the old 
one, was begun. When completed in 1831 it was 
53 ft. 6 in. wide; but additions made in 1902-4 
increased the width to 65 feet. 

Sec also Bridges. 

See also Vol. Ill: London; Thames. 

LONDON LIBRARY. This library was stai ted 
by Thomas Carlyle (q.v. Vol. V), who found 
that there were no good lending-libraries in 
London for serious reading, and that it was not 
always convenient to study in the British 
Museum Library (q.v.), from which books could 
not be taken aw^ay. His aim was a library con- 
taining ‘books in all departments of literature 
and philosophy, and in all languages, and whose 
subscribers should be able to have the books in 
their own homes, both in London and in the 
country’. In 1839 he began to interest some 
wealthy friends in his scheme, and in 1841, with 
their backing, the library was opened in two 
rooms in Pall Mall. There were about 500 
members; each paid an entrance fee of ^6 and 
a yearly subscription of £2; the library began 
with 3,000 books. 

These books were carefully cho.sen, mostlv 
by men of learning. The ordinary circulating 
library provided new books, especially lor light 
reading. The London Library set out to build 
up stocks of books of permanent value. All the 
books were on open shelves, and 'there were no 
restrictions on borrowing by members, so long 
as books taken out were recorded. 

From the beginning the London Library wa.s 
used by many of the most distinguished people 
of the day. The first President was I.ord Claren- 
don, the Foreign Secretary, who was succeeded 
by Thomas Carlyle himself. Among member*' 
have been Tennyson, Gladstone, Huxley, Dar- 
win, Thackeray, and Macaulay, who wrote his 
famous history there. 

The library recejved many valuable bequest*^ 
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of books and it gradually grew in size. In 1845 
it moved to its present home in St. James’s 
Square. In 1934, after nearly a century of life, 
it was granted a Royal Charter. Although the 
library lost thousands of volumes when London 
was bombed in the Second World War, it con- 
tains haffa million books, including much foreign 
literature. There are about 5,000 members; a 
new member must be introduced by an old 
•member and approved by the elected committee 
of management, 
hee also Libraries. 

LONDON TRANSPORT • The London T rans- 
port Executive rnafnage the largest co-ordinated 
load and rail system of urban passenger trans- 
port in the world. It rovers a compact aica of 
about 2,000 squaie miles, extending roughly 25 
miles in all directions from Charing Cross, and 
it servTS about one-fifth of the population of 
Britain. It carries its passengers by suiface and 
underground tiaii.>, by buses and coaches, and 
by trams and trolley-buses. Its problem is to 
deal with neaily 13 million short journeys a day, 
and to deal with them with the greatest possible 
speed. If these journeys were spread out through 
tiic day fairly evenly, the problem would be 
considerably easier; but, in fact, one-half of the 
traflir flowing in and out of 
Central London is concen- 
trated into 4 peak hours — 
z hours in the morning and 
2 hours ir\ the evening — 
when the mass of people are 
t^oing to or from their work. 

As the tendency increases 
ioi those working in London 
to live farther and farther 
out in the suburbs, so do 
the problems of the London 
I'l ansport Executive in- 
( lease. 

Until the b(;ginning c^f the 
iqth century the River 
1 hames ivas the only regu- 
lar means of communication 
m London. Since then Lon- 
don has increased five times 
in size. In 1829 the first bus 
service was started in Lor 
don with single-decker buses 
pulled by three horses. The 
buses were privately run and 


LONDON TRANSPORT 
competed with each other, though gradually 
owners of groups of buses amalgamated, and in 
1885 the Lonjion General Omnibus Company 
was formed. In the meantime the idea of running 
a bus on a track had started in America, and be- 
tween 1869 and 1871 the first horse-drawn trams 
were introduced to Londofi. In 1863 a steam rail- 
way opened between Paddington and Farringdon 
Street and continued until it was electrified 
in 1905. The first underground railway, opened 
in 1890, was the City and South London Rail- 
way, an electric railway running between King 
William Street, in the City, and Stockwell. Before 
1933, when the whole of London’s transport was 
brought under public control, and the London 
Passenger Transport Board was set up, rn*iny 
different services ran trains, buses, and trams, 
all in competition with each other. When, in 
January 1948, the whole transport of the country 
was nationalized, the work of the Transport 
Board passed to the London Transport Execu- 
tive, a body with a chairman, four full-time and 
thice part-time meml)crs. By 1950. London’s 
transport was cairied 40^^, by the central buses, 
30% by railways, subuiban and ‘tube’, 21^0 W 
trams and trolley-buses, and 9% by country 
buses and coaches, such as the Green Line 
Coaclics which run into I.ondon fiom the subur bs 



P,«lrr *owin« how I^ndon Transport servrs I.ondon and the surronnding countr. 


LONDON TRANSPORT 
as far out as Aylesbury in Buckinghamshire or 
Windsor in Berkshire. 

The London Transport Executiye have control 
of more than 240 miles of railway line, of which 
about 70 miles arc ‘tube*. There are six princi- 
pal lines, the Metropolitan and District running 
mainly above ground*, but including the Inner 
Circle which is mainly underground, and the 
Central, Bakerloo, Piccadilly, and Northern 
‘Tubes’, running in 12-foot tunnels. Further 
‘tube’ lines are being constructed. On some lines, 
during peak hours, as many as forty trains an 
hour are run. The coaches arc designed to have 
plenty of standing space to accommodate the 
large numbers of standing passengers whic .1 must 
be carried morning and evening. Suburban 
lines are under the operational control of the 
main-line railways. Those suburban services 
which are still run by steam locomotives are 
gradually being electrified (see Electric Rail- 
ways) . 

The road passengers of London in 1949 were 
carried by 7,200 buses and coaches, 1,800 trolley-^ 
buses, and 800 trams, which ran some 495 
routes in all. Trams and trolley-buses are gradu- 
ally being replaced by buses. For some years 
after the Second World War the service had to 
be run with a great many wwn-out buses, and 
this put a great strain on the insufficient number 
of maintenance and repair garages and depots. 
I’hc Chiswick Works, the main depot for major 
bus repairs, employs a stafl' of 5,000. I’he London 
'Fransport Executive now employ in all some 
1 00,000 people, for whom is provided an elaborate 
welfare service, including some 200 canteens and 
good sports grounds and club rooms. 

Sre also Underground Railway; Bus; Tramw^ay; 
Trollly-bus; Motor Transport Maintenance. 

Scr also Vol. Ill: London. 

LONGITUDE, Map Projections. 

LORRY, see Motor Transport. 

LOUD-SPEAKER. Electrical loud-speakers 
arc all based on the principle of the vibrating 
diaphragm, which is common L‘)th to the tele- 
phone and to the wireless microphone (see 
Speech, Transmission of). Differences in the 
size of the instrument and in the quantity of 
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current used account for the strength of th* 
Joud-speaker’s tones. 

Increasing uses are being found for loud- 
speakers, quite apart from the part thqy play in 
the wireless receiver in the home. To make the 
voice of one person audible to a large audience 
in a hall, or to a crowd out of doors, a ‘public 
address’ system is used, made up of a microphone, 
amplifying apparatus, and one or more loud- 
speakers. Announcements and music at horse* 
show^s, g^wkhanas, and sports meetings are 
frequently relayed by loud-speaters. In railway 
stations travellers are given information about 
trains by this means. In large hotels loud- 
speakers in all the public rooms will notify a 
particular guest if he is urgently w anted on the 
telephone. In factories and offices loud-speakers 
are sometimes used to give instructions to the 
staff (see Office Communications, Vol. VII). 

The microphone, amplifiers, and loud-speakers 
can all be carried in a motor-car or van. This 
mobile form of public address is used by the 
police to control street traffic and sports crow^ds, 
and by political candidates to make announce- 
ments in the streets during elections. 

Many ships arc fitted with a very powerful 
loud-speaker known as a ‘loud-hailer’; vessels 
can thus exchange information when within ear- 
shot, and in a big ship an officer can give orders 
to distant members of the crew. The loudest 
kind of loud-hailer is used for ‘sky shouting’. 
This enables a low-flying aeroplane to address 
multitudes of people over an are^ of several 
square miles, whether they w^ant to be addressed 
or not. During the Second World War this 
method was used for directing Propaganda 
(q.v.) at enemy troops. Either someone travel- 
ling in a sky-shouting aeroplane could speak 
directly into the apparatus, or the aeroplane 
merely received on its wireless set propaganda 
broadcast from a distant wireless station, the 
programme being switched directly into the 
sky-shouting loud -speaker. 

In some countries, particularly in time of 
war, loud-speakers are permanently installed in 
public places, so that official communications 
can be made to people in the streets. In the more- 
remote parts of Asia, where the people do not 
possess wireless receivers in their homes, a com- 
munal loud-speaker is installed in the centre of 
the village , round which they may gather to hear 
the news. 
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macadam roads. John I^oudon McAdam 
(1756-18^^6) was ‘morr than a famous road- 
maker: he was the inventor of the first new 
method of road-construction after the Roman 
Empire. Until his time all road-cngincers had 
copied the Romans in laying an expensive 
foundation of heavy' stones under tlieir roads; 
McAdam proved that this was not only unneces- 
sary, but for Jit L'affic of th'/se days worse than 
his own system. He was born at Ayr, Scotland, 
and VNhen still at school showed his future bent 
by making a model road-section. At the age of 
14 he went to the < ounting-housc of an uncle 
in New York, from which he returned with a 
fortune only 13 years later, and settled in Ayr- 
shire, He was made Deputy-Lieutenant of the 
county and road trustee, posts which encouraged 
him to study and experiment in road-making. 
In ’i 7C)8 a new appointment took him to live 
Falmouth, yvhere he extended his hobby to the 
roads of the whole south-west of England. In 
1816 he was made surveyor of the Biitish Tin n- 
pike Trust {see 'Fitrnpikk) of which h • had been 
a trustee for some time. In less than 2 years 
he had put its 1 50 miles of roads into good repair, 
and by reducing the cost of upkeep, had lessened 
the Trust’s debt by3('2,ooo. Many other turn- 
pike trusts i^ow sought hi advice — which he 
would alway^s give free of charge — and by 1819 
he had been appointed surveyor to no less than 
thirty-four of them. In that year he w'as invii 
to give evidence before a Parliamentary C’om- 
mission which was inquiring into road adminis- 
tration. Despite the success of his roads and the 
w'idth of his experience, his revolutionary theories 
met with great ridicule — though not from the 
other great road-builder " the time, Tklford 
( q.v. Vol. V). 

McAdam stated that he preferred no harder 
foundation for his road than the ordinary sub- 


247 MAGAZINES AND PERIODICALS 

soil, and even had no objection to a springy one, 
such as a bog. A harder foundation was, he 
declared, undesirable because it increased the 
wear on the road-surface, as well as on the 
vehicles and the legs of the horses using it. On 
the subsoil he laid a single layer of from 10 to 12 
inches of broken stones, *both the quality and 
size of which were of great importance. No 
piece should exceed i inch in any direction or 
6 ounces in weight; the material should be hard, 
but not too hard, and evenly wearing — such as 
hard limestone, sandstone, pr certain basalts. 
For consolidation he relied at first on the action 
of the wheels tlicrnsclvcs in grinding away a 
fine powder which, helped by rain, eventually 
formed an almost W'atcrproof layer, cementing 
the surface together. Later, watering-carts and 
light rollers w'crc used to give quicker results. 
Tnc truth of McAdarn’s theories was proved not 
only by an examination of the roads themselves, 
but also by the i’aet that roach-horses, w'hich 
were usually w'orn out after 3 years’ service on 
ordinary roads, lasted much longer if their work 
kept them on springy macadam surfaces. In 
1826 McAdam himself was made Surveyor- 
General of Metropolitan Turnpike Roads, an 
appointment which allow'cd him indirectly to 
introduce his system all over Britain. He w'as 
less successful in his efforts to institute a central 
road authority for the whole country (a step 
which was not taken until 1937— and then only 
partiall) ) ^ut the natioi ’s gratitude to him was 
showm by » Parliamentary grant of£ 10,000. He 
was offered, but refused, a knighthood. (Charles 
Dickens said of him: ‘Our shops, our horses’ 
legs, our ))oots, our hearts, have all been 
benefited by the introduction of McAdam.’ 

See also Ro\d.s, Britlsh. 

See also Vol. VIII : Road Biildino. 

MAGAZINES AND PERIODICALS. These 
are printed publications, issued weekly, fort- 
nightly, monthl.. or quarterly, and either sold 
to the public or sent to a list of subscribers or 
10 members of some association. About 3,500 
magazines and periodicals are regularly pub- 
lished in Britain. These do not include news- 
papers—that is, publications chiefly concerned 
with general news of passing events. 

Modern magazines fall in several main groups. 
Among weeklies are: 

I llustratcd papers. Several leading magazines, 
originally based on ArnenVan practice, publish 
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topical articles accompanied by vigorous photo- 
graphs taken by photographers who are among 
the highest paid in the country. 

‘Society’ papers. This is a small class ol 
magazines with many portraits and photographs 
of people in the public eye. 

News magazines. These, also inspired by 
American practice, contain classified reports and 
pictures of leading events of the week. 

Women’s papers. A large number of maga- 
zines are specially designed to appeal to women. 
They are concerned with clothes and fashions, 
care of the body and complexion, furnishing, 
cookery, care of children, and the publication of 
romantic fiction and articles about film-st?rs 
Some of these magazines have a very large sale. 
Others reach the highest level of aitistic produc- 
tion of any magazines in Britain. 

Humorous papers, i’his is now a very .small 
class among magazines. Its moLi distinguished 
journal is Punchy which has appeared weekly 
since 1841. Many famous artists have drawn 
in its pages, including Richard Doyle, whose 


design for the front cover has been in use for 
over 100 years. Sir John Tenniel, the oiiginal 
illustrator Alice in Wonderland, Charles Keene, 
George Du Maurier, Phil May, and i^ir Bernard 
Partridge. Thackeray among novelists, and 
Thomas Hood and 1 ennyson among poets, have 
figured in its lists of contributors. 

Literary and political papers. These include 
serious journals of considerable influence, whicli 
comment, generally every week, on politic.s, 
finance, social problems, and on newly pub- 
lished books. Among these magazines are The 
Economist, The Listener, The Times Literary Supple- 
ment, The Spectator, Time and Tide, .and The New 
Statesman, Signed articles by eminent authorities 
are regularly printed by some. TlU Listener 
reprints the more important B.B.G. talks, and 
also publishes original articles. 

Juveniles’ magazines. "I his is a large and 
popular group. It ranges from papers for grow- 
ing boys and girls to ‘comics’ for smaller children. 
At one liinc there was a lashion for stories about 
boys and girls at imaginary public schools, and 
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thousands of grown-up people remember with 
pleasure the days when they read of such charac- 
ters as ‘Billy Bunter’. Many papers, including 
The Scouts have a serious and useful purpose, and 
convey valuable information as well as enter- 

• tftinment. 

Film and sport papers. A large number of 
publications print news of film-stars and of 
various forms of sport and athletics. 

• Technical and trade papers. This is one of the 
largest groups. It includes trade and professional 
magazines whicli deal solely with special subjects 
such as building, school-teaching, road trans- 
port, engineering, film-making, shipping, the 
drapery trade, and similar interests. 

Apart from weekly magazines, there are many 
monthly and quarterly journals devoted to such 
learned subjects as medicine, surgery, archaeo- 
logy, astronomy, languages, history, geography, 
art, Und poetry. 

The cai ly hisU^ry of magazines and periodic als 


is closely associated with that of newspapers {see 
Newspapers, History of). In the last quarter 
of the 19th century, when universal education 
had been established by law in England, many 
popular magazines were founded and reached 
large circulation. One of the most notable of all 
was the Strand Magazine^ &n illustrated monthly 
in which the detective stories about Sherlock 
Holmes, by Arthur Conan Doyle, first appeared. 

In recent years magazines have met with 
increasing competition from films, wireless pro- 
grammes, and the ‘features’ page of newspapers. 

The largest magazine circulations in the 
world arc achieved in America. The great size 
of the United States prevents any daily newspaper 
being distributed over the whole country, as is 
done in Britain. With weekly magazines, how- 
ever, such as the Saturday Evening PoU^ Collier s, 
Tirne^ and Life^ there is time to arrange for dis- 
tribution over the whole United States. 

See also Nlwspapfrs, History of. 

See also Vol. XII: Essay. 
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MAIL TRAIN, see Posi Offk:e. 

MANCHESTER SHIP CANAL. At the begin- 
ning of the 1 8th century the Mersey was navi- 
gable for barges only as far as Warrington ; and 
Manchester, a lapidly growing industrial city, 
felt the need of direct communication with the 
sea. In 1720 the navigation of the Rivers Irwell 
and Mci .v was impioved, so that barges could 
reach Ma Hester; and in 1761 Brindley com- 
pleted the lirst section of the Bridgew^ater Canal 
betweei Worsley and Barton, and later extended 
it to Runcorn and on to Leigh. In the eaily 
iqth century a junction was made wHth the 
Leeds Liveipool Canal at Leigh. But the rivers 
and the canal, having narrow locks, could 
transport only small barges, each carrying about 
50 tons. The high cost of transport forced many 
lactories to close, and so peo})le left Manchester; 
soon there were more than 18,000 empty houses. 

There had been several proposals from as early 
as 1712 to construct a canal which w'ould bring 
Manchester into touch wath the sea, 35 miles 
away. An Act of Parliament was obtained in 
1885, after meeting with great opposition from 
the Liverpool railway shareholders and others. 
Construction began in 1887, the work being 
divided into nine sections. As Manchester 
stands 60 feet above sea-level, five sets of locks 
were made to raise the canal the necessary 
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height. The Eastham locks are tidal; the other 
four have an average rise of 13 J feet. The outlet 
to the Mersey is at Eastham, where the largest 
entrance lock is 600 feet in length by 80 feet in 
width. The other locks are rather smaller. The 
Bridgewater Canal originally crossed the River 
Irwcll at Barton by means of a stone aqu ‘duct, 
designed and built by James Brindley for the 
Duke of Bridgewater in the i8th century. On 
the building of the Manchester Ship Canal, this 
fixed aqueduct was replaced by a steel swing 
aqueduct mounted on a pier in the middle of 
the ship canal. The aqueduct swings open to 
allow ships to navigate the Manchester Ship 
Canal, and w'hen shut, it becomes once more a 
continuous section of the Bridgewater Canal. 

The canal was opened in 1894. It cost 
£15,000,000, or £8,000,000 more than had been 
expected. It is 30 feet deep for the first 5 miles 
and then q8 feet deep. I.arge ocean-going cargo 
vessels regularly navigate the waterway. The 
total tonnage of revenue-paying trafhc in the 
year 1918 was 3J millions; in 1925 nearly 6 
millions, and before the Second World War it 
rose to just under 7 millions, with some 5,000 
ships entering and clearing the canal each year. 

Ellesmere Port — 3 miles from Eastham — is the 
terminus of the Shropshire Union Canal, which 
runs through Chester, Shropshire, and Stafford- 
shire to the Midlands, and there are docks, 
wharves, warehouses, coal-tips, and granaries at 
this point. 4J miles from Eastham, at Stanlow 
oil docks, there arc special docks lor oil-tankers, 
and storage tanks that will hold approximately 
100,000,000 gallons of oil. The new oil dock <1^ 
Eastham is for tankers of 34,000 tons. At Rune orn 
there are 70 acres of docks and warehouses, and at 
Manchester there are 6 miles of wharves, 85 miles 
of railway line, and scores of warehouses and 
cranes. 

Manchester, Judged by the Vd’ue of its trade, 
is one of the principal ports in the United King- 
dom. Between 1894 and 1911 all the empty 
houses in the city became occupied and more than 
34,000 more were built. Many new industries 


have been established, and there is now a popula- 
tion of more than 14,000,000 within a radius of 
75 miles. 

See also Canaijs, British. 

Sec also Vol. Ill: MANCiinsirR. 

MANUSCRIPT, see Books, History of; Paper; 
Writing. 

MAPS, HISTORY OF. There is evidence tha{ 
many ancient peoples, whether civilized or not, 
drew maps and plans. Both civilized and un- 
civilized people still do. I'he oldest maps in 
existence are on small baked clay tablets found 
in the ruins of Babylonian cipcs. Many ol these 
arc to be seen in the British Museum, and one in 
the Museum of Harvard Llnivcisity. U S.A., is 
said to be 4,500 years old. The Kgvptians also 
made maps, but since these wcic drawn on 
papyrus, a material resemliling Papi r (cf v ), 
little of their work has suivived 'Ihcie is lefei- 
ence to a map in Chinese liteiatuie fioin 227 n c 
The Chinese had mapped their countiy long 
before Europeans went thcic. 

The ancient Greeks arc iegaid(*d as the 
pioneers of modern map-making. Th(‘\ weic 
aided by their knowledge of astionomy, their 
belief that the eaith was spherical, and then 
eagerness to learn all they could from tiavellcis 
on land or sea. In the 31 d c emtury bcfoi e ( !hi 1st, 
a Greek named Eratosthenes estimated the si/e 
of the eaith with remarkable accuracy. In tlie 
2nd century after Christ, another (heck named 
Ptolemy prepared details for the' drawing of 
many maps, though whether he actually drew 
them is uncertain {see I'ic.. i). Many scholais 
and sailors of miic h hater times, inc luding 
Christopher Cioluinbus, regarded Ptcrlerny as an 
authority, and his influence* was clearly seen in 
maps as late as a.d. 1700. 
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MC, 2. Dl'.rAlL SHOSVLNO LONDON AND I'ART Ol* KLNI PROM IHK OOIJOH MAP OF LNOLAND, DRAWN AROM I 3 jf] 

The map js drawn with tlie East at the top 


No Roman maps survive, but wc know that 
the Romans made maps; indeed, they eould not 
have planned their hnc system of roads or 
j^overned their great Empire without tliem; and 
we can obtain some idea oftheir maps from later 
ma]js based u})on tliem, and from descriptions 
It seems that the Empire tilled nearly the whole 
sjiacc on tlieir world maps, with a very small 
( Uiina and other countries at the outei edge, and, 
ofcouise, nothing of America, South Africa, or 
Australia. Chinese maps of about this period 
show (Jhina in the centre and the rest of the 
world as very unimportant islands round the 
outside. In many ways the most remarkable 
map connect'^d with the R‘'Tnan Empire is one 
draw'll in the *i 2th century by a monk at Colmar, 
a city near the river Rhine. It is believed that 
he copied it either from a 4th-ccntury map, ^ 
a copy of a ^th-century map. This copy of the 
Roman map measures 21 feet long and i foot 
wide, and is a diagram of the road system Irom 
south-east Britain to the River Ganges in India. 
It was acquired by Konrad Peutinger, Keeper 
^ »f the Archives at Augsbur^ near Colmar, in the 
ibth century. It is usually known as the Peutin- 
ger Table, or Map. One difliculty in studying 
ancient maps is that they \vere copied by hand, 


many of them in monasteries, and possibly no 
two were exactly alike. , 

The first notable map of England, apart from 
that based on Ptolemy, was produced by Mat- 
thew Paris about a.d. 1250. His information 
jirobabJ} mie from other hand-drawn maps, 
word acc( .ts, and travellers North is at the 
top — ihougn Arabs and Romans usually put 
South the lop, while the Church favoured 
East. Anoiher map a century later, known as 
the (iough Map (see Fig. 2), is accurate enough 
to .show^ that all Britain had been surveyed, 
though iiothingisknow'ii of ihemcthodscmployed. 

Many attempts were made in the Middle 
Ages to represent the w'orld according to 
Scriptural references, but the resulting maps 
gave no help tc the traveller, as they bore no 
more reseml^ilamA: to the real world than draw^- 
ings would to Heaven if based on references in 
the Book of Revelation. One of the best-known 
church maps is a large one preserved at Hereford 
Cathedral. 

From about a.d. 1300 and onwards, for three 
centuries, many excellent (harts w'cre drawn, 
depicting especially the coast-line of the Mediter- 
ranean sea. They arc called Portolan Charts 
{see Charts). 
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ESTATE MAP OF 1809 OF HOCKELBURY PARK IN KFM 

The Ordnance Survey gradually took the place ol estate 
maps drawn lor private landowners. 

Two events occurred in the i6th century which 
are important to the history of maps. One was 
the work of a Dutchman known as Mercator. 
He not only worked out the Map Projection 
(q.v.) which bears his name, and which has 
helped sailors and airmen all over the world to 
navigate their craft from place to place, but he 
combined a framework of lines of latitude and 
longitude with the accurate type of survey work 
seen in Portolan Charts. The second notable 
event was the development of map-engraving, 
which enabled maps to be printed in large 
numbers, and all exactly alike. This gave rise to 
large map-publishing businesses. 

At first no name existed for the numerous 
map collections bound in book form. Then 
Mercator chose to call his collection ‘Atlas’, 
perhaps because a picture of a legendary Greek 
giant called Atlas, who held up tlic heavens on 
his shoulders, was sometimes prefixed to such 
collections. So to-day all collections of maps in 
book form are called atlases. In 1579 a York- 


shireman, Christopher Saxton, published the 
first national atlas of England and Wales, his 
maps being on fairly large scales and a blaze of 
brilliant hand colouring. The Dutch also pub- 
lished some notable atlases from about this time 
onward. 

The 1 8th century saw many governments take 
over the task of map-making and map-publish- 
ing. At the request of King Louis XV, Caesar 
Cassini (i7i4“84), one of a very distinguished, 
French family of mathematicians and surveyors, 
started to map France on a scale*of about f inch 
to the mile. Meanwhile General William Roy 
(1726-90), post office official, soldier, historian, 
antiquarian, and Surveyor* General of the 
Coasts, who had many years previously drawn 
an excellent map of Scotland with liule moic 
than a compass, started accurate surveying in 
South-East England with a large theodolite, 
the finest Surveying Instrument of its day /q.v 
Vol. VIII), specially made for him and paid foi 
by the king. One of the objects of the survey v\ 01 k 
done by Cassini and Roy was to determine the 
exact position of Paris and London relative to 
each other on the earth’s surface. After Roy’s 
death the surveying of England was adopted In 
the Board of Ordnance (the department of the 
army which supplied guns and ammunition), 
which eventually gave rise to the name Oidnanc c 
Survey. The first maps resulting from this 
survey were published in black and white, on 
a scale of i inch to the mile, in 1801. They Weie 
the first of a series which has remained unsui- 
passed in accuracy and unrivalled in complete- 
ness by the maps of any other national survey 
7 'he Ordnance Survey has since published 
maps of the whole of Britain on various scales 
from one-millionth, where i inch of map shows 
nearly 16 miles of country, to maps where the 
scale is 6 inches to the mile. Maps of five-sixths 
of Britain have been published on a scale of 25 
inches to the mile. I hese maps, of plans as the) 
are called, show such details as individual fields 
and houses and their areas. New plans are being 
prepared of all towns and cities in Britain on a 
scale of 50 inches to the mile. On these the size 
of a house can be measured, and house numbers 
are shown. They are in black and white only, 
but many of the smallcr-scale maps are printed 
in colours by methods which have been perfected 
since they were first introduced in the middle of 
last century. There is a map for every purpose : 
large-scale plans fos engineers, surveyors, town 
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SOUTH OF IIENLLY UN-THAMES 


R<'pro(luccci from the 6-inrh Ordnance Survey Map with the sanction of the Controller of H.M. Stationery Of] 

planners; 6 inches to the mile plans for detailed now mapped, and work of great accuracy is not 
study of small localities; 2j-inches and i-inch limited to Europe. Maps of the survey of India, 
maps for walkers; and i-inch and i-inch maps for for example, are among the^most accurate in 

cyclists and motorists. the world, and Mount Everest, the highest 

The first reference to a terrestrial globe comes mountain in the world, is named after one of 
from the Greeks. Grates of Mall us made a globe India’s gr'^atest surveyors, Sir George Everest, 
about 150 B.G. The oldest which has survived Large are; of the earth’s surface, however, still 
was made in 1492 by Martin Behaim of Nurem- remain un^ irveyed and unmapped, chiefly the 
burg. When, a few years later, Magellan’s sparsely inhabited tropical forests, the great 
voyage {see Exploration) really proved the deserts and tundras, and the more recently dis- 
spherical shape of the earth, globes became v.overcd countries of vast extent such as the 

popular. They frequently showed not only the United States, Australia, South Africa, and 

latest discoveries, but included imaginary lands, Canada. The governments ofthese countries aim 
such as Terra Australis, which were put in to at mapping the whole of the usable part ol* 

give the globe a balanced look. Globes were their territory on a scale of about i inch to the 

carried as part of a ship’s equipment, and used mile, and at having coloured maps like those of 

by such men as Columbus, Magellan, Fro- Britain. They have large areas already mapped 

niSHER, and Drake (qq.v. Vol. V). They wer^ on this and ot>.‘T scales. Map-makers to-day 

also use 4 in places of learning in Europe a are much helped by photographs taken from 

early as the beginning of the i6th century. By specially equipped aeroplanes, 
the late i8th century they were at the height of Since 1891 a scheme has been developed to 
their beauty and usefulness, and employed in produce maps of the whole world, uniform in 
the education of every young gentleman and appearance and style, on a scale of about i6 
gentlewoman. To-day maps and charts arc so miles to the inch. This is a great task and will 
cheap, varied, and easily stored, that globes are take many years, but its completion will be an 
largely neglected. important landmark in the history of maps. A 

All highly developed areas of the world arc scheme has been evolved in the Massachusetts 
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Institute of Technology, U.S.A., to construct a 
globe on the same scale, which will be nearly 
42 feet in diameter. 

In recent years new kinds of m'kps have been 
developed to show such things as the distribution 
of rainfall, temperature, population, crops, and 
other things of importance and interest. These 
are called distribution maps, or statistical maps, 
to distinguish them from the topographical maps 
already described. At least four maps a dafy arc 
made by the Air Ministry showing the weather 
over north-west Europe, and from a study of 
these, experts prepare the weather forecasts 
which are broadcast regularly by the B.B.C. (see 
Weather Forecasting, Vol. III). Dot maps, 
each dot representing a certain number of, say, 
pigs, arc used to show the distribution of crops 
and animals. Very few people could form as clear 
a picture by looking at rows of figures listing 
how many pigs or poultry were in the hundreds 
of parishes in England. Other statistical maps 
use colours or different kinds of shading, and 
still others use lines, such as the contours on 
topographical maps which bring out the dis- 
tribution of high and low land (see Map Re.^d- 
ing), or the isotherms which show the distribution 
of temperature. 

See also Map Prc^egtions; Map-reading; Charis; 
Exploration. 

See also Vol. VIII; Surveying. 

MAP PROJECTIONS. A globe is a model ol 
the world, and if it is fairly large, all countrie s 
can be shown on it true in shape, relative size, 
and position, though it is impossible to see them 
all at the same lime. If one took off the skin of 
the globe, as one skins an orange, and tried to 
lay it flat on a table, one could only succeed by 
slitting it, or stretching it here and shrinking it 
there. But if one did this the shapes and relative 
sizes and positions of the countries would alter; 
and this is what happens whenever one draws 
a flat map of the world. 

Another way of obtaining a map of the worlo 
would be to take pencil and paper and copy tlie 
globe-skeleton — the lines of latitude and longi- 
tude — for once the skeleton is drawn it is easy 
to sketch in the coast-lines. The middle part of 
such a map would come out faitl’ well, but there 
would be uncertainty about the spacing of the 
meridians, or lines of longitude as they are also 
called, which run from pole to pole. Should they 
be equally spaced as on a globe, or drawn closer 


together towards the outsides, as they would 
appear on a photograph of a globe? (See p. 289.) 
And should all skeleton lines be straight or 
curved? There is no answer to these questions. 
The truth is that it is just as impossibl'e to copy 
the skeleton, or ‘net’, with complete accuracy 
from the globe as to make a globe-skin lie flat 
without stretching it in places. Some plan for 
drawing tlie net has to be decided upon, and the 
result is called the map projection. Some pro-, 
jections are excellent to show Polar regions but 
of Utile use to show Equatorial lands; some 
maintain relative sizes of countries but distoit 
shape; and some arc valuable for navigation, 
but of little use for distribution or statistical 
maps. There is no limit to the number of pro- 
jections that can be invented, though few are in 
constant use. An atlas contains examples of all 
the commonest, and the name of tlie particular 
projection used is usually printed in small letters 
beneath each map. 

Projections arc often regarded as falling into 
three groups called conical, zenithal, and cylin- 
drical, The surface of a sphere cannot, as has 
been shown, be transferred to a flat piece of 
paper, but this is not so w ith cones and cylindtTs. 
When conical or cylindrical projections ate 
used, the world is treated as if it were a c one or 
a cylinder, and maps made on ihest* ])rojections 
can be rolled up until their edges join to make 
a conical or cylindrical shaped world. When 
map-makers use zenithal projections, it is us if 
they were drawing tlie world from its zenith, 
that is, the point directly above some point on 
the earth’s surface. 

One of the commonest conical projections has 
all lines of longitude drawn as radial straight 
lines, like spokes of part of a wheel meeting at 
one point, though this point ne(‘d not be shown 
on the map. The lines of latitude, or parallels, 
are all equally spaced arcs, that is, jiarts of circles 
centred on the pole. An example is seen in 
Fig. I. Such a projection and many variants ol 
it, including those which have meridians slightl> 
curved, are much used to show countries in 
terpperatc latitudes, such as those in Europe. 

Zenithal projections can be used to show Polai 
regions. The Pole is then at the centre of the 
map and the parallels are circles round it, the 
meridians again resembling wheel spokes, as in 
Fig. 2. Not all zenithal projections have tlie Pole 
at the centre. 

The commonest cylindrical projection is named 
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ifur a Dutchman known as Mci(«iUh who 
pi innccl it in the ibth ccntiny Ihoui^h so old 
it IS used (\ci) sailoi or pilot coiKciiud with 
ni\iu;ition On all cyhndiual projections the 
iiuiidlins ait drawn as striicjlit lines all the 
s init length liorn north to soutli, ind the pi» il- 
kls IS sti iiglu lints, all tht :>aiTK length iioiri 
i ist to v\tU Tht mciidiins ait always ecjii illy 
spittd, IS in 1 ig ^ ])Ut the p ii dlels ait not 
ilwa\s cqu illy >pa((d Aleicitoi said in tlfcct 
Nyrlh and south of thi I quator ni\ nnj) has 
^)i ( n stutchtd 111 an east-west diiection so tint 
till iiK 1 idians IK v( i iik ( t 1 w ill bal nice this by 
slit idling tadi put ol tht miji tquills in i 
iioiili south dnittion On Meic itoi s piojtt- 
tion^itgions outsidt tht tiopits ue thcidtut 
niudi Ingei lli in tht \ slitiuld lit Iceland U 
Hist UK c, ijipcais St veil tuiKs as I iige as it would 



il it v\tie on the Lquator, and Gicat Biitain 
three times as laige), but be cause; they have been 
stretched equally in all directions, their shape is 
not much distoited 

This balanced stietchiiig has one effect of 
enormous importance to navigatois It main- 
t iins true c ompass dn ections betw ecn points In 
1 ig 4, the position of tw o towns is shown, first 
iS thc^ appear oii Meicator’s piojcction, and 
secondly as on an oidinaiy cylindiical piojcction 
\n an man would «alwa)s choose his compass 
direction fiom the Meicatoi map, because he 
kncjws it will get him to his destination, and that 
any other projection, such as an ordinary cylm- 
diiial one would mislead him 

If a pie^e of string is stretched tightly on a 
globi btiw ri I ondon ind Australia, it will bt 
see n to p iss ver Moscow and C.hungking Ihis 
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HG. 4 . COMPASS BFARING ON (a) MERCArOk’s PR Jl (71 lOV, 
AND (b) AN ORDINARY CVilNDRICAI PROJL(.I .ON 


is the shortest, or Great C'ircle, route, but it can- 
not be navigated by compass because its compass 
bearing is constantly changing. Thus the straight 
line routes on Mercator arc rarely the shortest 
routes, but something near enough can always 
be plotted by transferring the route from globe to 
Mercator, and breaking the resulting curved 
lines into a series of straight legs, called loxo- 
dromes or rhumb lines, and changing compass 
direction wherever indicated on the chart. Thus 
rhumb lines London-Moscow-Ghungking-Dar- 
win-Sydney coulcl be followed by compass and 
would be shorter than the line London Sydney 
drawn direct on Mercator. 

For practical purposes of easy reference it is 
often desirable to draw over a map a series of 
squares, called a grid {see Map-reading), regard- 
less of lines of latitude and longitude which may 
be straight or curved. 

See also Maps, Hiskjry oi , Map-riading; Charts, 
Compass. 

MAP-READING. Just as it takes pains and 
skill and training to be a good map-maker, so it 
takes all these to be a good map-reader. The 
draughtsman compresses a great deal ofinforma- 
tion into a very small space by accurate seal 
drawing, and using different styles of printing, 
colour, abbreviations, and symbols. The map- 
reader can get a great deal of information by 
careful attention to the map itself and to the key, 
and by coming to see not the piece of paper on 
which the map is printed, but the landscape as 
the map-maker saw it. 

The Ordnance Survey, which has been re- 
sponsible for producing olhcial maps of Britain 


for ij centuries, prepares many kinds for dif- 
ferent purposes. They vary in scale, the largest 
planned being 50 inches to i mile, the smallest 
about -jjp inch to i mile. The large-scale maps 
are published in black and white and ‘the snjall- 
scale maps in colour. The most generally useful 
and interesting are on the scale of i inch to the 
mile, and 2J inches to the mile. They are full of 
detail, printed in colours, and are useful for 
cycling and walking. ^ 

The name of the sheet is usually taken from 
the name of an important town-in the area, svaldi 
as Dover; or a district, such a*' the Lake District, 
or a natural feature, such as a mountaijjNoi-rrrlake, 
like Snowdonia or Grater Lake. Lnless one is 
quite certain where the area lies, one should 
look up its exact position in an atlas. Lixtitude 
and longitude, which are always marked on the 
edges of the sheet, may be helpful. Next one 
should look at the scale of the map. This is 
likely to be stated in w ords, such as ‘One inch to 
the mile’, or by a fraction such as 
which means that i inch, foot, yard, or centi- 
metre on tlie map represents f)3,3bo inches, feet, 
yards, or centimetres on the ground. Sc ale lines 
are also probably drawn and divided to sliou 
miles and furlongs. The length and bieadth . >1 
the land area shown on the map can then bf 
pictured in the mind. 



no. I. GH-D MAP OP BRITAIN 
The side (jf each ^)uare is 100 kilometres long 
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II im If UK N ( I iiviikow I \ iiip ( kii 

1 1 iC ti i II itpicscnls of s(|u'ir<* 51 ni 1 11^ 1 

I Jit stindud inciiis of icic 1 a i-iiitfi 

Oulu nut Suivcy 111 ij) or 'i point on it, is iht 
11(1 Nsttni llus(orisi Is ( I 1 ittun oJ \citical 
uid hoii/ontai hues, 1 )iiniiu>; exact squiics, 
IS {)! lilted acioss e\( i> in ip oJ an> pait ot 
llie couiUi y vcxtt-pt old c opit s piinlt d bcfoie the 
intiodiK ti(3n of tlie s^st(In 1 uii scjuau is a 
sfjuiit ivilonietie its side is 1 000 mctics lone; 
01 I ot) ) \ lids ilioul Ji\t t i^hlhs ol a niilt j The 
lulKini ](it-liand coiiui of tins vist t^iid is it i 
j)oiiit on th( in ij) some disl met outfi-vvcst oi tlu 
Coinisli coast f 1 11^ 1) Once tins is knosMi, 
fvciy point 111 liiitain can be desci'bcd by a 
^ie>up I he old town of Hiiiow-on- 

for instance, on the north-west edi^e of 
London, is 51*) kiloirictits east oi the western 
<d^t of tlie K^'^d, ind 187 kilometres north ol its 
southern ech^e riicicfoic the figurt 515187 will 
puk out HaTiow-on-the-Hjll horn any other 
id lec in Biitam The reference is always derived 
1>N giving hist the eastw^ard figure, then the 
iioitliwaid one In practice, the figure h 
hundreds* is generallv left out, since the actuai 
< ^lon in Britain will be known One would 
h 1 to H arrow-on- the-Hill as being at 1587 on 
crtain sheet ot the map One can also give 
< cation to within 100 metres or less, since the 
IS based on di/isir**! into tenths The 
as public school at Hairow is some 400 
fnrfrs east ol the ‘15' line tlhercforc it can be 
located by the eastwaid hg^e 154, that is, 15 
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kilometres and four-tenths Similarly, the north- 
ward figure 873 show^ the school to be 87 kilo- 
mcties and thiec-tenths northward Thus the 
releieiice 154^73 locate Harrow School 

within 100 rncties {see !ig 2) One could go 
on in this way to get within 10 metres of the 
school tuckshop If necess^iry, the figure for the 
Too-kilornetre square can be placed in front, thus 

5i/i‘)4873 

Thd map key, which is usually printed at the 
bottom of the sheet, should be studied carefully 
The keys which arc used on Oidnancc Survey 
maps vary with the scale, but* all have much in 
common with that shown in I ig 4, wine h is 
taken from the modern i -inch map This key 1^ 
here printed in black only, and should have the 
following key colours to make it agree with the 
maps all water should be shown blue, and glass- 
houses crossed with blue, woods and public j^aiks 
green, National Tiust areas edged m giccn, 
lailway stations and Class i loads red, the next 
three road classes yellow , and contours brown 

The relief or nature of the surface of the region 
IS slifjwn by the c ontour lines These are imagi- 
niry lines joining up points of the same height 
abo/e sea-lcvel, or depths below it Imagine 
that a inod< 1 ot an islana is put in a tank {w 
1 ig 3 a) The bottom of the U nk represents sea 
l( \tl, and the side of the tank is maiked off in 
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inches Looked down on from dii ectly above, the 
outline of the island would be seen as it would 
look on a map If water is now pouicd into the 
tank so as to fill it up to the first inch-mark on 
the side, the outline of the island will be set n to 
have changed a little, and grown smaller If the 
two outlines weie drawn on a sheet of paper, they 
would appear as a couple of wa\y shapes one 
inside the other, every point of the inner one 
being I inch above sea-lcvcl —that is to say, 
that line is a i-inch contour line. With another 
inch of water in the tank, the map would show 
a third line, following the new water-level That 
would be the 2-inch contour line, every point 
on it being 2 inches above sea-level. And so we 
could continue, until we had a complete contour 
map of the island, as in Fig 3B. Where contours 


are crowded, land is 
steep, and where they arc 
few and far between, land 
is fairly flat It is possible 
fiom the contours, which 
are numbered to shqv^ 
height 111 feet above sea- 
level, to get a picture of 
the sLii face of the kind 
The best v\ay to acquire/ 
this ability is to take th’ 
map to a palace in pie 
iegion»' rom whic li a good 
view ^ be-* bnWlned, 
spieac?^^ ^ Aiap out willi 
‘North’ in the r ight dircc 
tion, and then discover 
which contour forms 
icpicstrif the lulls and 
vallf \s \ ( OMP \ss (cj V ) 
helps in getting the m ip 
the light w i\ round, be- 
cause it will be seen th it 
each map has placed on it 
an airow labclleci ‘Mag- 
netic North’, which, when 
brought into line wili 
the c oinpassnc edit , means 
that the map is coiiectiv 
arranged or orientated 
As the magnetic pole is 
nf3t fixed {see Mac.nl 1 ism 
V ol 1 ID, the arrow on an 
out-oi-date map may not 
point exactly to the mag 
nc tic noitu ^ me times 
an aerial photo and a map may be conq 
Another excellent way to learn to read contoiiis 
IS to make a re lit! model All but the hugest 
scale topografihical maps have conteiuis, some 
have in addition layer colours, such as gieens 
for low land and browns for high land, hachuics 
or small lines at right angles to the contours hel}) 
to give an idea of relief, shading represents 
shadows, as on a model, and spot heights arc 
marked with their height above sea-lcvcl m fee t 
printed beside them. 

It will be found that many valleys contain 
streams, in which case V-shaped contours point 
up-stream. Canals mainly keep to the Icve^ and 
therefore follow the contours Sometimes str/ 
disappear if they sJik in porous rocks, sucF as 
limestone, or are artificially made to run under- 
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ground, as through a town. Elsewhere numerous 
streams may start all at about the same level, 
often where a layer of clay underlies porous 
rocks, giving rise to a line of springs. 

These maps give a good deal of information 
•bout vegetation, from rough pasture to woods 
ind orchards. Where no distinctive vegetation 
s shown in the open country, the land can be 
issumed to be cultivated or in grass. Among 
he most interesting features may be those which 
i^ve been made by man, such as the roads and 
-ail ways which usually follow the easiest routes 
Vom place to pj,ac^- or the footpaths which often 
;ake the prteT^'- -^id more difficult cuts. The 
many signs loi iclth things as wind-pumps and 
lighthouses are small drawings of the things they 
represent, while the symbol which is used for 
things such as youth hostels and post offices is 
the initial letter of the word. Objects which arc 
showfi fall into two groups: some, like wireless 
aerial masts, are easy to see in the field, and aie 
therefore of iieip in locating one’s position; and 
others, such as a post office, are things which a 
traveller may w^ant to use. 

See also Maps, History oi ; Map Proji ctions. 

iClARGONI, see Wireless. 

MARY CELESTE, Derm icts. 


as the switches arc reached which give access 
to the various sidings, each wagon is switched to 
its proper tracl^ either by hand or by mechanical 
means. 

In the most modern yards, such as those at 
Hull, March (Cambridgeshire), and Toton (near 
Nottingham), the work oY hump shunting has 
been greatly speeded up by being completely 
mechanized. Before each train to be sorted is 
taken over the hump, a list of destinations of the 
sequence of wagons is sent by pneumatic tube 
to the control tower. There, code patterns repre- 
senting these destinations are punched into a 
card, which forms part of a long roll. This roll 
is fed into the machine operating the switches 
that give access to the groups of sidings. The 
effect is that each wagon automatically sets the 
correct switch for the wagon which follows it. 
By the time the wagons reach the series of elec- 
trically-worked switc lies leading to the individual 
sidings, they arc well apart. The chief operator, 
w ho works in a high tower, has a wagon sequence 
list before him, and uses his press-button controls 
to turn each wagon into its appropriate siding. 
Immediately below the switches, rail-brakes are 
installed in each track ; the speed of each w agon 
can be controlled from the low er, by the gripping 


MARSHALLING YARDS form an essential 
part* of goods train working. These yards ri 
sidings are laid out at strategic points on the 
railways. Trains consisting of mixed wagons for 
various destinations (known as ‘pick-up trains’) 
arc ta J(gCT r *" t iorth^ marshalling yards; there the 
wagBns are sorted out and reassembled as 
‘through’ goods trains which can be hauled for 
long distances. In many smaller yards the sorting 
is still performed by shunting engines, which pull 
the trains out^to a shunting ‘neck*, and propel 
the wagons one by one into their appropriate 
sidings. Many.years ago, however, it was realized 
that gravity could play a useful part in ti. 
operation^ and the first gravity marshalling yard 
came into being at Edge Hill, Liverpool. In a 
^ ard of this kind, the wagons of a train to be 
sorted arc uncoupled, and the train is pushed 
by a Jocomotive over a ‘hump’, a small artificial 
bill jfcich is built for the purpose and over which 
4ttf|ftails arc led ; on the far side of this ‘hump’ 
thj track descends steeply for a short distance, 
S5p. that the wagons draw away from one another; 
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of the wheels as they pass througli the rail- 
brakes, to avoid violent impacts between wagons 
ii' they run into sidings which arc nearly full. 

See also Goods 1 rain. 

MATHEMATIGAD NOTATION. Mathe- 
matics has to be written down in such a way that 
the sense is absolutely precise and cannot be mis- 
understood, whoever reads it. Mathematicians, 
therefore, have devised many signs and symlxils 
which ahvays have special meanings, and form 
a kind of international language with a special 
purpose. The most commonly used a^c those 
for addition ( f), subtraction (— ), muidplica- 
tion (x) and the sign of equality (=). The 
division sign (—) is used most commonly in 
school arithmetic books, and much less elsewhere 
than the others already mentioned. Instead, the 
figure to be divided is generally written over a 
hoiizontal line, and the divisor beneath the line 

T2\ 

i2-f ^ IS wiitten )• 

3 J 

To most people i-r2 — 3 means that if one 
is added to two the result is three. But mathe- 
maticians, as well as engineers, surveyors, ac- 
countants, and many other people who use 
mathematics, often want to write down things 
without using actual figures. They sometimes 
use a letter of the alphabet, in place of figures, 
to represent a quantity. If a bus inspector 
wanted to count the number of spectators who 
arrived by bus to sec a football match, he need 
not count all the passengers each time. Provided 
that all the buses were full and that all the pas- 
sengers got off, the inspector need merely count 
the number of bus-loads, and he could soon work 
out the number of passengers from that. But if 
there weic two kinds of bus, single-deckers carry- 
ing 38 passengers and double-deckers carrying 
56 passengers, he w'ould have to be careful to 
distinguish between them. He could decide, to 
save himself trouble, to call a single-decker 1 »is 
*a* and a double-decker ‘6*. Then, if he saw five 
single-deckers and seven double-deckers, he need 
simply write down 5a and 7A, and later, when 
the rush was over, he could quiedy work out 
five limes 38 and seven times =>6. To use letters 
in this way it is not even necessary alw'ays to 
know what quantity a letter represents. For 
instance, a foreigner, who did not know the 
number of passengers a full bus would hold, 
could just as easily write down 5a and 76, and 


then make inquiries to find out the capacity of 
an ‘a’ bus and a bus. 

There is no limit to what can be done by using 
letters as symbols of quantities in this Avay . The 
practice was acquired in the Middle Ages ft oni 
learned Arabs, from whom we get its nanr^ 
‘algebra*: the English scientist, Sir Isaac Newton 
(q.v. Vol. V) called it ‘universal arithmetic*. 

To every mathematician, a + b—c = d means 
that when tlie quantity a is added to the quantity) 
b and the quantity c is subtracted from this su^f 
the result is equal to the quantity d. So if a 
people get on to an empty ^u^ at its first stop, 
b people get on at the secoi'^j^^ and X people get 
off at the third, the numbd^ people left on 
after this is d. Iff people get on later withoui 
any others getting off, the number in th^ bus is 
d-{-e. If the values of a, b^ r, and e were known, 
we should know' the value of d and could tell 
how many people were on the bus at th^ time. 
If we do not know the exact values, we can still 
visualize what is happening. Mathematicians 
soon found that when they had w^ritten down 
general expressions of the form given above, they 
could w’ork with the letters as if they knew wh;r 
they stood for, without ever troubling to pa> 
attention to what the letters might mean. 

When this stage was reached, they found that 
some mathematical expressions were clumsy, and 
they gradually developed refinements. 

When symbols are to be multiplied together, 
such as a X 6, it is customary to write this as ab. 
If we multiply a by a we can w^iit/* it as aa. 11, 
however, we wished to multiply six a’s tot»cther 
and wrote the answer as aaaaaa^ it would not 
be easy to see quickly how many a V d*. •'e weic 
The trouble would be worse if the number ot 
was even bigger. This clum.sy way of writing is 
avoided by writing a X a X a x a X a X « as '1 he 
^ is called the index and is always written to the* 
right of the letter. This is another example ol 
the notation suggesting improvement.s, for if u* 
multiply a* by <2*, w'e find tl\e answer is 
{aa'Kaaaaaa)y and so wc get the answer to th( 
multiplication by adding the indices. This forms 
the basis of Logarithms {see Counting Ins iru 

MENTS). 

It is often convenient to group quantitn 
together and treat the group as one quq^ntit\ 
This is done by means of pairs of bracket — 

S(a + b) means 5 multiplied by the sum of Jtonc 
b. Sometimes many brackets have to bn^ 
a complicated exp/ession and various s||| 
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employed, so that it is possible to tell exactly 
what is meant. The usual shapes arc ( ) — round 
brackets, [ ] — square brackets and { } — curly 
brackets. , Another shape which serves exactly 
ihe^same purpose is which binds 

.,*#gether whatever is below it. 

{(a+6)+2[c— («/+«)]} 

means that the whole quantity inside the curly 
‘^racket is made up of the sum of a and b added 
^ twice the difl'erence between c and the sum of 
/Jand e. 

If a mathematician finds the need for a symbol 
that has not bee.i^\g^nted before (and so has not 
been invented*),, invent a new one for 

himself and say exactly what it means. This 
symbol in course of time becomes understood 
by all without explanation. Not only are such 
symbols a means of international communica- 
tion hetween mathematicians, but some of them 
save a great ueal of writing. For instance, 
means ‘less means ‘not less than’ and 

could (if the argument needed it) be replaced by 
> which means ‘greater than or equal to’. 5! 
is called ‘factorial five’, and is a recognized way 
ol willing 5 X 4 X 3 X XI, which equals 120. If 
w^ wjote «!, it would lepresent 

n X {n~ i) X {n 2) X ... X 3 v 2 x i 

ulicre . . . means that we are to imagine the 
nuinl)ers between (w - 2) and 3 (i.e. 3 104) put 

in the expression. 2*-^ is a short way of writmg 
2X2 / 2 < 2 X 2 X 2 X 2 X 2 X 2 X 2 X 2 X 2 - 4,090. 
n 4 * 

V rt” means the sum from n - i to n — 4 of r/”, 
and is a sho^^.’ -'ty of writing a } ^ i a^. 

The .-xpression a'^h is a convenient way of say- 
ing ‘Subtract b from a unless b is greater than a, 
in which case subtract a from b\ We usually 
3 

write fractions such as - (3 divided by 4), but 
. 4 ^ 

for convenience in printing (to save big spaces 
. between the lines) they are often written with 
an oblique stroke to separate numerator froi* 
denominator (3/4). This is a case where the de- 
velopment brings difficulties, because without 
previous knowledge we cannot know for certain 
that a~{-b/c means b divided by c and the result 
added to a, and not the sum of b and a 
dW'iMd by c; if the latter t should be printed 

^mbols sometimes vary between countries. 
Ip^ciccimals {see Counting, History of), unity 


is divided from tenths by a point (•) which in 
Britain is written a little above the line (63*5). 
In most Euroj^ean countries a comma is used 
instead of a point (63,5), while in the United 
States the point is written lower down on thr 
line (63.5). 

Ser also Counting, IIisiory of; Mi asurlmi \t. 

Sec also Vol. VIII- Arithmi iir ; Ai gfura. 

MAYFLOWER. Certain Puritan dissenters 
fled from religious persecution in England to Hol- 
land in 1608. They found their new life hard, 
and wishing to remain English, they began to 
look towards the empty lands newly discovered 
in America where they might establish an English 
colony. Their choice fell upon Virginia, then 
a colony of the English crown; they obtained a 
royal patent which allowed them to settle there. 

Funds were difficult to raise; but a party 
sailed from Dclftshaven to Southampton in July 
1620 in the little ship Speedwell. At Southampton 
they were joined by more pilgrims w ith another 
ship, called the Mayflower^ of 180 tons. The two 
ships set sail from Southampton in company; 
but the Speedwell sprang a leak, and the pilgrims 
had to return to England and abandon her at 
Plymouth. Seventy-three male and twenty-nine 
female colonists (some of thcip WTre children), 
as w'cll as sailors, crowded into the Mavflouer 
and sailed on 6 September. 

The Mayflower was probably about 90 feet, 
stem to c. i-posts. Slie was an old ship when 
ihaiteied d was badly shaken in a storm 
on her way across the Atlantic'; a main ]:)cam 
was bew' ^d and cracked, and had to be raised 
into place by means of a great iron screw' 
providcntiall) brought from Holland. 
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iifrchant ship of thf si. r \nd hah gi thf ‘mayfi owlr 
Shcei draft and plan of a model 
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On 9 November the voyagers found themselves 
near Cape Cod just below Boston in Massachu- 
setts. It was much farther nortl^ than they had 
intended, and in New England, not Virginia. 
But they were so thankful to have reached land, 
and the sailors so unwilling to take them farther, 
that they decided to settle there. They stayed 
in the ship until ii December — reckoned as 
21 December by the modern Calendar (q.v., 
Vol. Ill), and then landed and started to build 
their towm. The place had already been named 
Plymouth by Captain John Smith in 1614; and 
Plymouth was the town in England which they 
had seen last. During the first winter mt than 
half of them died from scurvy and cold. 

The journal of William Bradford ( 1 590 1657), 
who became the second governor of the settle- 
ment in the following year, tells the story of 
the voyage of the Menflower and the early 
struggles of the Pilgrim Fathers, as they came 
to be called. 

MEASUREMENT, fflSTORY OF. Modem 
life depends greatly on accurate measuring and 
weighing. An aeroplane engine, or even a car 
engine of high quality, would not work well if 
some of its parts were a mere ten-thousandth of 
an inch too large br too small. Scientific research 
often requires even higher accuiacy. In order to 
measure something, w^c must have some standard 
measure with which to compare it, and some 
method of making the comparison. 

The simplest and crudest w^ay of measuring is 
to compare the thing to be measured with some 
part of one’s own body. It w'as therefore natural 
that the earlier units of length were defined in 
terms of parts of the body. Thus the cubit of 
the Egy'ptians and Babylonians was the length 
of the forearm from elbow to finger-tips (about 
20 inches). Smaller things might be measured in 
terms of the digit, the breadth of the forefinger 
(about I inch). Other measures of length were 
the hand (still used in measuring the height of 


horses, and standardized at 4 inches), the span, 
the pace, the double pace, the fathom (length 
of extended arms between tips of fingers, now 
fixed at 6 feet as a measurement of sea depths). 

In the same way units for the measurement 
of area at various times and places have beffiT 
derived from the amount of seed necessary to 
sow a piece of land, or from the time taken to 
plough it. Measures of capacity, for things like 
corn, were vague units such as the basket and 
the boat-load. Units of weight were derived fiofl^ 
such things as the weight of a grain of bailey or 
wheat (a remainder of this survives in our English 
‘grain’ — the i^ooo^h part of ^^lound). Another 
source of weights was the weight of gold which 
had the same value in monev as an ox Ihe 
Babylonian talent, about 60 lb , w^as probably 
derived oiiginally fiom the load a man could 
normally carry. 

Units derived in this way have two disadvan- 
tages. First, the length of the foiearm vanes 
from one person to another; the cubit could not 
be an accurate unit of length unless one said 
whose arm was meant. Secondly, the various 
units (digit, hand, span, cubit, and others) would 
have no simple relation to one another. Veiy 
early in the history of civilization, in Egypt and 
Mesopotamia, these disadvantages weie over- 
come by the process of standardization. Instead 
.of defining the cubit as the length of a foreaini, 
it would be defined by law as the length, ol a 
certain bar of metal, which would be kept care- 
fully in the royal palace or the temple The bar 
might be made by measuring the length of the 
king’s forearm, just as a new j^tm^lard foj the 
English yard in the time of Henry l 
have been fixed by measuring that monarclA 
arm. All measuring rods for actual use would 
then be made by copying as accurately as 
possible the standaid lod. A certain piece ot 
metal kept in safe custody wou^d become tin 
standard of weight. 

The second disadvantage would be overcoiuf 
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by agreeing that all other measurements of 
length should henceforth be defined as fractions 
or multiples of the cubit. The digit became one- 
twenty-eighth of a cubit in Egypt and one- 
thiiticth in Babylonia; the span became half a 
,^;i^bit; the fathom 4 cubits; and so on. Well- 
known units of area and capacity would be 
officially given a new definition in terms of 
units of length. Thus the Egyptian unit of area, 
4hc ‘setat’, was defined by a square with sides 
^10 cubits long. 

Standardization was often difficult. Some- 
times the earlier \mits could not be arranged 
neatly as multiples of one another; and so we 
have awkward ratios such as tlic rod, pole, or 
perch, which equals 5J yards. Even within one 
country such as Egypt there were several stan- 
dard cubits, diffeiing by an inch or so from one 
another. There were also variations from one 
country to another; thus the most important 
cubit of ancient Eg^'pt was the equivalent of 
‘.jo-G modern English inches, that of Babylonia 
equalled 19-53 modern inches, Assyria 21-8, and 
Asia Minor 20-37. increasing trade helped 
the standards ol the most powerful country to 
chive out the others 

7 ’he Babylonians had a unit, used chiefly for 
measuring bricks, which was two-thirds of a 
cubit, or about 13 English inches. With small 
variations in si/e, this became the ‘foot’ used all 
over Europe before the day-s ol the mciric 
system. In Greece the foot w'as 12-16 of 0^4! 
inches. This was taken over by the Romans, but 
later reduced to 11-65 inches. Another variant, 
nearer to the original Babylonian, wa. the Ti.n- 
^ric foot-cf T3-I ’inches, used by the barbarian 
r-'ibcs of nothern Europe in Roman times. Our 
^wn foot was derived from one or other of 
ihcse measures, most probably the last, which 
^eerns to have been common in early medieval 
F'ingland. The Romans used the word uncia for 
iie twelfth part of certain things. From this is 
Jerived our word ‘inch’ for the twelfth part of 
i foot. ‘Ounce’ is also derived from uncui, cvc. 
hough an ounce in w'cight (avoirdupois) is no 
onger a twelfth of a pound. Our yard was 
U'obably derived from the doulile cubit. In th^ 
ame way the origin of many of our other weights 
md ineasures can be traced back to those of 
Jab^onia, though poor pying of standards 
ll^gh thousands of years, besides other causes, 
Syc led to big changes in the actual size of the 
ncasures. 
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BURMrSE BRONZE WEIGHTS, l8lH AND igTH CENTURIES 
From an exhibit in the Science Museum, London 


There are traces of an early system of counting 
things in twelves. One is our habit of buying 
things by' the ‘dozen’. (The word comes, through 
Old French, from Latin words for ‘a set of 
twelve’.) ] he Babylonians divided the Zodiac 
(their map ol the skies) into twelve parts, and the 
day and night into twelve hours each. We have 
inherited this way of counting time by w'ay of the 
(yreeks and Romans. There are also traces of a 
system of reckoning by twenties in our word 
‘score’ and in the French word for ‘eighty’, 
quatre-nngtj which is literally ‘four-twenties’. 

In Anglo-Saxon England there were official 
standaids ol weight and measure, such as the 
standard vard or ‘gird’ kept at Winchester. 
These star irds w'ere taken over unchanged by 
die Norma ' after the Gonquest. But in practice, 
in a feudal society, in which there w'as not much 
trade except in the actual market place, the 
majority of people did not require an accurate 
standard of measure. So, side by side with the 
official standards, the people used rough defini- 
tions of ineasures in terms of natural objects. 
These definitions w^ere even mentioned in the 
laws of the time along w'ith the real standards. 
Thus the Statute for Measuring Land, dating 
from before 12> says that ‘Three grains of 
barley, dry and round, make an inch; twelve 
inches make a foot; three feet make an ulna’ 
()'ard). But then it goes on to say that the King’s 
iron ba^ is the standard for the yard. So the law 
recognized the King's standard bar at the same 
time as the more natural standard of the barley 
grains. Our ‘grain’ as a measure of weight is 
also derived from the grain of a cereal ; and an 
ordinance of tiie 13th or 14th century says that 
a sterling penny must weigli 32 grains of wheat, 
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GEORGE IV BRONZr IMI'l RIAL STANDARD GALLON, Q.UART, 
AND PINT, 1824 

From an exhibit in the Science Museum, L» ndon 

round and dry, from the middle of the ear. An arte 
was originally the amount of land that could be 
ploughed in a day, and this became standardized 
as 160 square rods, or 4,840 square yards. 

In the time of Elizabeth, when increasing 
trade once more demanded good standards of 
measure, the whole system was thoroughly over- 
hauled. The standard yard of Elizabeth differs 
from the modern standard by only a little ovci 
one-hiindiedth of an inch. The present system 
was legally intioduccd in Britain in 1824, though 
the standards used were ones that had been 
prepared in the middle of the previous century. 
In 1834 these standards were lost in the fire that 
destroyed the Houses of Parliament, but they 
were reconstructed fi om several good copies that 
were in existence. The imperial > ard is defined, 
by the Weights and Measures Act of 1878, as the 
distance, at a temperature of 62 F., between 
two fine lines engraved on gold studs sunk in 
a specified bronze bar known as ‘No. i standard 
bar’, which was cast in 1845. The temperature is 
important, as metals expand with heat. The 
pound is defined as the weight of a specified 
piece of metal in specified conditions. 

Our present system of measures is awkward 
for calculation because of the multiples 12, 16, 
and even 5J which enter into the tables. Col .it- 
ing and measuring would be simpler if every 
unit were 10 or 100 times the next smallest. 
Business men and scientists in the 18th century 
sometimes advocated a change to a system based 
on multiples of 10 {see Couni ino, History of). 
James Watt, the inventor of the improved steam 
engine, did so in 1783. But it was not till the 
French Revolution that anytliing was done. The 
revolutionary governments established the system 
known as the metric system. The unit of length 


became the metre (about 39*37 inches), which 
was originally defined as the ten-millionth part 
of the distance between the earth’s Pole and the 
Equator; this choice was made so th^t the unit 
should be truly international. The centim'etre 
is one-hundredth of a metre and the kilometae-, 
(which is the basis of the grid lines on British 
maps) is i ,000 metres. The unit of capacity, the 
litre, was defined as the capticily of a cube with 
sides of 10 centimetres. The unit of weight, the/ 
gramme, was defined to be the weight of a cul^j/ 
( entimetre of pure water at a temperature of 4" C. 
But one cannot mcasuie th^ distance between 
Equator and Pole every time one wants to make 
an accurate measuring rod. So a standard bar 
was constructed, based on careful calculation, 
and this is taken as the standard metre. The 
effective standard of weight became the kilogram 
(1,000 grammes), the weight of a specified piece 
of metal in specified conditions. In i88() the 
units of the metric system in France were legally 
defined once more, but this time without leler- 
ence to the size of the earth. The nietiic system 
has gradually spread from one (f>im(r\ to an- 
other. To-day it is universally us(‘d lor s( lentilii 
purpo.ses. Outside science the English-speaking 
countries are the only important ones that do not 
use it. 

The wave-length of light of a definite coloui 
(w Wave Motion, Vol. Ill) forms an invariable 
natural standard by means of which all units 
of length can be defined. In 1927 the Seventh 
General Congress of Weights and MeasuiTS, to 
which many countries sent delegates, adopted a 
further definition of the metre as i,5')3,i()4-i ] 
w'avc-lengths of red cadmiunnight.- If the 
standard metre were destroyed, this dcfirTition 
could be used to reconstruct it. 

In modern times two developments have taken 
place which have revolutionized measurement 
One is the devising of many new standards for 
measuring such things as electricity, power, the 
strength of metals, and the chemical properties 
of materials. The second important develop- 
ment concerns the great range of instruments 
designed to me.isure, weigh, test, or classib 
everything from the pitch of a violin string and 
the distance of an earlh(|uake to the flicker of 
electricity in a criminal’s brain. 

See also Counting, History of; MAinEMAVn ai 
Notation. 

Ser also \’ol. VI: \(,ri( m ioral Mfasi'ri mfn i.^. 

Sec al.so Vol \ 1 1 1 • Mfasi rfmfnt, Uni is 01 . 
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MENAI SUSPENSION BRIDGE. This link 
between Carnarvonshire and the Isle of Anglesey 
can claim to be the forefather of all modern 
suspension bridges. For generations men had 
talked about bridging the Menai Straits, since 
Anglesey was accessible only by ferr>'-boats. 
However, no practical steps were taken until 
t8oi, when John Rennie presented four different 
scheities to the authorities. They were all turned 
down, chiefly because they would interfere with 
shipping, and for a few more years the idea was 
allowed to rest. Nine years later, anoiher famous 
bridge-builder, Thomas Telford, prepared a 
plan for a cast-iron bridge of wide span, and in 
1815 he was authorized to design a suspension 
bridge. His design was more daring than any- 
thing attempted earlier, for the site he chose 
required an uninterrupted span of 550 leet 
between the mSiin piers. 

The first stone of the chief pier was laid in 
August 1819, and the superstructure complel ’ 
in the autumn of 1824. On 26 April 1825 the 
first of the great cliains from which the roadway 
was to be hung was hauled into place. One end 
was attached to the pier, while a raft towed by 
lour boats carried the other end across tlie 
Straifc, to be fastened to r »pes and hauled into 
l^lace by capstans. When fully suspended, it 
iiung 100 feet above the water. On 30 January 
1826 the bridge, with a total length of 1,710 feet, 


was formally opened, and the London to Holy- 
head mail-coach made the first crossing. The 
bridge is still in regular use by road traffic. A 
separate tubular bridge not far away has been 
built to carry the railway. 

Sec also Bk idols. 

See also Vol. VIII: Bridgf Huh ding. 

MERCATOR PROJECTION, ra Map Pro- 
jections. 

MERCHANT SHIPPING. The Merchant Ser- 
vice, or Merchant Navy, as it is now generally 
called, is made up of the ships of all types and 
sizes engaged in commerce. They range from 
the coasting barge using wind as a motive powe. 
(of which there are still about 100 at work, 
although their days are numbered) to the trans- 
atlantic passenger liner. Merchant ships are 
owned either singly or in fleets, sometimes by 
private indiviuuals, but usually by a shipping 
v-ompany which offers the carrying service of its 
ships to the world’s traders and merchants, in 
return for the freight money charged. 

All merchant ships have distinguishing colours 
or marks on their funnels, and the ships of each 
particular line fly the Company’s house flag, 
usually at the mainmast when ( ntering or leav- 
ing port. The only outward sign that they have 
some claim to be regarded as a national .service 
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is their national ensign. In the case of British ships 
this is the red ensign, or red ‘duster’, as it is called 
by seamen, a red flag with a Union Jack in the up- 
per hoist, that is, the top corner of the flag against 
the mast {see Flags, Section 3). If a particular 
merchant ship has a large enough proportion of 
its officers and men in the Royal Naval Reserve, 
it may be permitted by the Admiralty to fly the 
blue ensign. The crews of merchant vessels are 
not under the same discipline as men of the 
Royal Navy, but a standard of behaviour is laid 
down by law. Most of them do not wear uniform, 
and their ships are armed only in time of war so 
that they can defend themselves. 

Crews sailing under the red ensign are British 
for the most part, but they probably include men 
of half a dozen different nationalities. A British 
ship, particularly a 1 ramp {^ee Ship), may have 
Britons (of both white and coloured races). 
Swedes, Finns, Germans, or Danes among her 
deck hands, an Arab and a Negro or two in the 
stokehold, and a Chinese steward in the pantry. 

The British Commonw^calth owes much to 
mei chant shipping. The discoveries made by 
explorers and adxenturous travellers w'ould have 
been useless without merchants and traders to 
develop them, and these men w'ould not risk 
their investments ^in the new lands unless they 
w'cre sure of ships to carry their merchandise. 
Throughout the periods of empire expansion, 
the British shipowner and British sailor were 
quick to establish sea communications wuth these 


new countries. Arduous voyages and fearful 
hardships were undertaken in order that manu- 
factured goods should be taken to undeveloped 
parts of the world and raw materials broqght 
back to keep Britain’s valuable machinery active. 
Many Dominions and Colonies, and njany 
portant trades, owe their development and 
expansion to careful nursing by one or more 
British shipping lines. 

Sec also Ship; Ship’s Company. 

See also Vol. VII Shipping. 

MERSEY TUNNEL. This motor traffic tunnel 
under the Mersey estuary is the biggest under- 
water tunnel in the woild. Before its con- 
struction all traffic between Liverpool and 
Birkenhead, other than that which went by the 
Mersey Railway, had to use ferry boats. Although 
a practically continuous service was provided, 
delays to traffic were severe, especially in fog. 

Work was started in 1928, and the tunnel was 
opened in 1934; in the first three months no 
fewer than 866,000 vehicles passed through it. 
The main tunnel is over 2 miles long, and in 
addition there arc branch bores leading to tlie 
docks at both Liverpool and Birkenhead which 
bring the total length of the tunnel up to nearly 
3 miles. 

Here are some details about the tunnel’s con- 
struction which show the magnitude of the work 
of making it: nearly i J million tons of rock and 
other mateiial were excavated; 82,000 tons of 
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cast-iron lining and more than i ,000,000 bolts available for ordinary people, but carried mainly 
were used ; the fittings and screws are all of official letters. Records show that as early as the 


stainless steel; 3,000 tons of steel and 270,000 
tons of concrete went into its construction. 
Blasting operations took well over half a million 
•pounds of explosives, and nearly 7^ million gal- 
lons of water were pumped out of the workings 
during construction. 

The tunnel is lighted throughout ; and a special 
Anachine keeps the walls scoured and polished. 
The roadway is divided into four ‘tracks’, two in 
each direction. A^l heavy goods vehicles use the 
‘slow’ left-hand tr^icks, and private cars and 
motor-cycles the middle ‘fast’ tracks. On the 
latter a uniform speed of 35 miles per hour is 
enforced by traffic police who patrol the tunnel 
in order to maintain a steady traffic flow. No 
pedal-cyclists, horse-drawn vehicles, or pedes- 
trians are allowed to use the tunnel. I’he junc- 
tions ’leading to the docks at each side of the 
river are con^^-olled by automatic traffic-light 
signals. 

Scr also Tunnels. 

See also Vol. VIII: Tunnelling. 

MESSENGERS. The human courier or runne- 
was once the quickest means of sending letters 
over long distances. Before there were proper 
organized postal services, anyone who wished to 
send a private letter or a parcel would probably 
have to find his own messenger: perhaps a friend 
who ha])pened to be travelling the right wa) . 
f rom very early limes, how'cvcr, there were pio- 
fessional messengers, chosen for their speed, wfio 
were used to carry state documents. In C^hina 
an elabc^ratc system of couriers w'orking in 
relays, some mounted and some on foot, existed 
as early as 1122 B.G., and was used until w'cll 
into the 20lh century. Alarco Polo, who visited 
(’hina in the 13th century, describes how the 
mounted couriers would change horses by leap- 
ing from saddle to saddle without dismounting. 
Darius, who ruled over Persia Irom 521 to 
B.C., established a system of relays of couric 
throughout Persia ; and professional messengers 
were also used by the Greeks and Romans. One 
if the most famous journeys ever taken by a 
messenger was that of the Greek Pheidippidcs, 
licfofc the battle of Marathon in 490 b.g., who 
ran the 150 miles between /Vthens and Sparta in 
48 hours (sge also Marathon Rage, Vol. IX). 

.Professional messengers were widely used in 
Europe in the Middle Ages; they w'cre not 


13 th century ^he King of England used paid 
messengers; and in the 14th century there were 
twelve on the royal staff, who earned a fixed 
wage while on the road, with an extra allowance 
lor shoes. Abbots, bishops, judges, and court 
officials all had their staff of messengers, whom 
they would send on long journeys, often even 
abroacl. Some of the medieval messengers could 
cover the distance from London to Scotland in 
as little as 6 days. They had special privileges 
on the roads: the 14th-century poet Langland, 
in Piers Plowman, describes how the merchant 
was delayed, for instance, by the keeper of the 
toll-gate, while the messenger had only to speak 
his errand and show his letters (which bore his 
master’s seal) and he could immediately proceed. 
He was exempt from toll, and could order other 
travellers to make way for him, and the town 
gates to be opened for him at night. If he were 
a royal messenger there were severe penalties for 
hindering him. 

Our modern Post Office (q.v.) has de- 
veloped from the organizing of professional mes- 
sengers into a relay service. Attempts to do this 
were made as early as the 13th century: at this 
lime a courier service was es*tablished in Paris 
lor the use of the University, and private letters 
were also unofficially sent by it. In times of 
national langer, as in 1484 wfien Richard III 
feared in <10x1, a relay system w^as used in 
England: .mglc horsemen were stationed at 
intervals of 20 miles, so that a distance of 200 miles 
could be covered in 2 day’s. The organization 
v)f royal messengers, and the appointment of a 
master of posts (the forerunner of our Postmaster- 
General) dates from the 16th century. By this 
time privr^^e letters were carried by the State 
service: by the 17th century the State had a 
monopoly of this {see Post Office, History of). 

Even in modern times it is often necessary to 
icly upon the ’ iiman messenger, especially in 
war time, when secret messages might be inter- 
cepted if sent by wireless. The army dispatch- 
rider or runner proves invaluable for messages 
which cannot be sent by any other method {see 
(Intelligence Services, Vol. X) . The ingenuity 
of the human messenger, and his power to adapt 
his route and his methods to each hazard as he 
meets it, make him especially useful in times of 
danger. During the Second World War in- 
numerable letters and plans which it would not 
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have been possible to 
send by telegraph passed 
between ^ England and 
the occupied countries of 
Europe, handed secretly 
from messenger to mes- 
senger. The messages 
were concealed in many 
ingenious ways: often in 
the luggage of people 
who appeared to be or- 
dinary travellers, going 
on holiday or visiting 
their families; n one 
occasion at least valuable papers were stitched 
inside a chicken. Even in peace time the human 
messenger is still used for important missions: 
communications between the Government and its 
representatives abroad are carried by members 
of a special corps of King’s Messengers, w'ho 
come under the jurisdiction of the Foreign 
Office. They wear a badge hanging from a 
garter-blue ribbon, with a silver greyhound 
beneath. In the past, King’s messengers covered 
long distances on horseback; to-day they travel 
mainly b> the passenger air routes. The ‘diplo- 
matic bag’, in which they carry secret documents, 
is passed thioughHhe Customs unopened. 

METEOROLOGICAL REPORTS, Cli- 

MATF AND COMMUNICATIONS, Section See also 
Vol. Ill, Weather Forecasting 

METRIC SYSTEM, see Counting, History oi- ; 
Measurement, History of. 

MICROPHONE, see Speech, Transmission of. 

MINIATURE RAILWAYS. The narrow est 
width of line on which full railway working can 
take place is probably the 15-inch gauge, w'hich 
is in use on the Romney, Hythe & Dymchurch 
Railway in Kent and the Ravcnglass & Eskda^e 
Railway in Cumberland. But a scale-model 
steam locomotive, under test, has succeeded in 
pulling three full-grown adults on a gauge no 
wider than 2 inches. Many passenger-carrying 
railways have been built in pleasure grounds and 
private parks, worked by scale model locomo- 
tives on gauges of 15 inches (3 inches to the foot), 
inches (2 inches to the foot), and 7J inches 
(i^ inches to the foot or one-eighth full size). 
Miniature lines for instructional and pleasure 


purposes are in some cases on the i J-inch gauge, 
such as the well-known line of the Bekonscot 
model village at Beaconsheld in Buckingham- 
shire; amateur model railway owners concen- 
trate mainly on Gauge ‘o’ ( i J inches) or Gauge 
‘00’ (f inch). This smallest gauge makes ft-- 
possible to assemble a model railw\Ty of great 
operating complexity in a very small space. 

Sec also GaucjLs, Railway. 

Sec also Vol IX Modfl Railways. 

MORSE CODE. This interi^ational signalling 
code is named after its investor Samuel Morsf 
(q.v. Vol. V) (1791-1872), an American who was 
a pioneer in the use of electric Telegraphy 
(q.v.). It consists of an alphabet in w^hich the 
letters are represented by arrangements of dots 
and dashes. It can be transmitted either by 
flags held in the hands (a short movement lepre- 
senting a dot, a long one a dash), by flashing 
lights, or by sound, the dots and dashes being 
represented by short and long buzzes or taps 
The letters most commonly used are represented 
by the simplest symbols, the commonest lettei of 
all, e, consisting of a single dot The code is 
usually learnt by memorizing the sounds of the 
letter, dot being represented by ‘dit’, and dash 
by ‘dah’. I’he code is given below 
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w 

C) 

L 
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0 


There arc also special combinations loi 
punctuation marks; a full stop is /\AA, inveited 
commas RR, brackets KK, and a query I MI. 

There are various conventional short signals 
in use by wireless operators for conveying com- 
monly needed phrases. Preliminary remaik^ 
between signallers arc often conveyed in this 
way, such as ‘Who arc you?’ RU; ‘Move to 
your left’ ML; and so on. There arc several 
ccxles of these short signals, the Internatjonal 
Qcode being the most widely used. It has been 
universally adopted for use at se^ and in coni 
mcrce, and is a very convenient means c* 
communication between operators of differei 
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nationalities. The signals consist of groups of 
three letters each beginning with the letter Q: 
among the most commonly used signals are 
QS^, ‘Ydur message received’, QSM, ‘Repeat’, 
and QjRX, ‘Please wait’ or ‘Come back at . . 
There arje special groups of Q signals for report- 
ing on the clearness and readability of the 
signals: the QSA group, for instance, is used for 
reporting on the strength of the signal; QSAi 
•means ‘unreadable’, QSA2 ‘weak; readable now 
and then’, QSA3 ‘Fairly good’, and so on. 

Sec also Liohi Si*iNALLiNo; Flag Signalling; Codes 
AND Ciphers. 

MOTOR-BOAT, see Motor-ship. See also 
Motor-boat, Vol. IX. 

MOTOR-CAR. Although the term ‘motor-car’ 
is usually applied only to private cars (as distiiu 1 
from goods-carrying vehicles or those which 
tarry passcng-*rs for money) the general prin- 
ciples of the motor-car apply to almost all road 
vehicles which are mechanically driven. 


A car has four essential parts; an engine to 
provide the driving-power: a transmission system 
to convey the ppwer to the wheels : a body to hold 
the driver and passengers and their luggage; and 
a metal frame called the chassis to hold rigidly 
together the engine, transmission, and body. 

1. Engine. The various types arc described 
in Road Transport Engines. Technical details 
of each type appear in Vol. VIII under Inter- 
nal-combustion Engine, Gas Ti^rbine, and 
Eleg’iric Motors. 

2. Transmission. This is one of the most 
fundamental problems of motor-car design. A 
stationary engine, erected in a back-yard to work 
a circular saw, presents few difficulties. But in a 
car the power from a small engine has to be 
conveyed to bouncing wheels on the road at 
any speed from i to 60 miles an hour or more. 
Every time the car goes round a corner the out- 
side wheel must go faster than the inside wheel 
as it has a longer way to go. In going over a 
bumpy road the axle of each wheel (jumping up 
and down on springs) may change its position 
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100 times in 60 seconds. When the car comes to 
a hill so steep that the engine is about to stop, 
the transmission (which includes the gears) is 
readjusted so that the engine does not stop and 
the car is able to go up the hill. 

Since an internal-combustion engine, unlike 
a steam-engine, will stop completely unless it is 
kept spinning, every car must have some sort of 
gearing in order that the car can be made to 
travel very slowly (as when starting from rest). 

The standard form of gear, which has been 
used since the early days of motoring, consists of 
a number of meshed wheels, which work on a 
general principle like that of the small wheels 
inside a watch or clock. By moving a lever — the 
gear-lever — a driver can decide which set of 
wheels shall be connected to the spinning engine. 
The action of the gear-lever does not decide the 
actual speed of the car. This speed is controlled 
with more exactness by the precise speed of the 
engine at any moment, and the engine speed is 
governed by the accelerator pedal, worked by 
the driver’s foot, which admits a mixture of air 
and petrol to the engine. For instance, W'hen 
one gear is in use, a car may travel at any speed 
between about 3 and 1 5 miles an hour, according 
to how far the accelerator pedal is pressed. When 
another gear is iif use, the car may travel from 
about 10 to 30 miles an hour. With yet another 
gear, speeds from about 20 to 50 miles an hour 
may be achieved. The choice of gear merely 
determines the broad range of speeds. 

Most British cars have a choice of four gears 
(apart from the ‘reversing* gear, which enables 
the car to be backed) . American cars, which arc 
on the whole more powerful, generally need only 
three gears, besides the reversing gear. Many 
cars are no longer fitted with the long gear-lever 
which formerly rose from the floor-boards of the 
car; they have instead, for the driver’s con- 
venience, a short handle just under the steering 
wheel. 

Some cars, particularly in the U.S.A., have 
automatic gearboxes. Their gears are indepen- 
dent of the driver, and change ‘up’ or ‘down’ 
when the mechanism registers certain relation- 
ships between the speed of the car and the effort 
exerted by the engine. 

When it is desired to change the gear of a car, 
or to stop a car for a few seconds at a crossing 
without stopping the engine, a ‘clutch’ is operated 
on most standard vehicles. This is simply a 
means of temporarily preventing the power of 


the engine from being passed on to the gears or 
the road-wheels. When a car is travelling nor- 
mally, two round plates arc pressed very hard 
against one another by a spring. When the plate 
connected with the engine goes round, it makes 
the plate connected with the wheels go rourlH* 
too. This pair of plates forms the ‘clutch*. The 
plates can be pressed apart by the driver’s foot 
acting on a pedal, and the engine is then ‘free’ 
of the road-wheels. Certain cars, instead, use 
hydraulic coupling (^see Vol. VIII, p. 83). 

The remainder of the tranfmission system of 
a car consists of articulated shafts, so avoiding 
strain when the road-wheels bounce, and a 
diflerential which ensures that the outside wheel 
goes faster than the inside when cornering {see 
Gears, Vol. VIII). 

The springs, which enable each wheel to 
bounce, arc part of the transmission too, for they 
have to ‘hold’ the wheels on to the road, how- 
ever irregular the surface. The tendency to use 
very pliable independent springs for each wheel 
is increasing, as these enable the car to travel 
faster without rocking dangerously. 

3. Body. The body of a private car may vary 
from the worn seats of an old and cheap second- 
hand car to the luxurious fittings of a hand-built 
£4,000 saloon. In all bodies, however, room has 
to be found for the driver’s controlling rneLhan- 
ism. The steering wheel on ll;ie steering pillar 
moves the two front wheels by a series of joints. 
Near the driver’s feet are three pedals, in a 
standard order from left to right: Clutch, Brake, 
Accelerator. The brake pedal, operating through 
steel cables or rods, or sometimes through 
hydraulic pipes containing oil, affects each wheel 
equally, by pressing against a moving part a 
surface lined with gripping material, which 
slows it. Heavy lorries use ‘servo’ brakes, power- 
operated, as the driver’s foot would be too 
weak. A hand-brake is provided for parking 
vehicles. 

In front of the driver are many dials and 
switches. A speedometer dial indicates the speed 
at which the car is travelling and the number of 
miles travelled. One gauge shows the pressure 
of the oil. Another dial shows the condition of 
the electrical system which ignites the petrol in 
the engine, as well as providing lighting and 
power to work the horn and wind-screen wiper. 
Some cars have indicators recording the heat 
the water in the radiator which cools the engine 
and the actual revolutions of the engine. 



At the back of tlie body is a large locker, 
known as the ‘boot’, which contains a spare 
wheel and tyres, a tool kit for repairs, and space 
for luggx^e. 

The most popular type of car body in Great 
Britain is the four-door saloon, designed to carry 
four or ’five passengers. Ventilation is now so 
efficient that even small saloon cars are not 
stuffy, though sliding ‘sunshine’ roofs arc not 
• now so often fitted to saloon cars as they used to 
be. The drop-head coup6 has a canvas roof 
which rolls or folds back into the rear of the 
body. 

In Britain motorists are taxed on their car by 
an annual licence, and also on the petrol they 
buy. In 1947 the same charge was made payable 
on cars of all sizes, but before that the amount 
varied with the horse-power, which was cal- 
culated by the dimensions of the engine. 'I’hese 
taxc< ied to the introduction in the 1920’s of 
‘baby’ cars of 7 and 8 horse-power, which could 
be run very cheaply. The horse-power tax tended 
to keep down the size of engines in the popular 
middle range of car, the engine being designed 
so that it should pav the least possible tax, not 
so that it should have the greatest cngineciin" 
efficiency. In America, on the other hand, 
where this kind of taxation did not exist, and 
where distances were great and roads often bad, 
the car designer used a large chassis requiring 
a high-powered engine, so that there should be 
room for elaborate springs and spacious bou).- 
work. Britain has since turned to the design ol 
larger cars with higher horse-power. 

See also Motor-car, History of; Road Traffic 
trol; Rcmd 'Transport Engines. 

Sec also Vol. VII: Motor-car Industry. 

See also Vol. Vlll: Internal C^ombi siion Enoini, 

Sec also Vol. IX: Motor-car Racing. 

MOTOR-CAR, HISTORY OF. The first self- 
propelled road vehicle — which represented one 
of the most important steps forward in the history 
of transport — was designed and constructed by 
a Frenchman named Cugnot. He built a stcai 
driven carriage in Paris in 1 769, which had three 
wheels, carried two passengers, and ran at a 
maximum speed of 4 miles an hour. Although 
much credit should be given to his achievement, 
this carriage was not at the time a success, for 
the supply of steam only l«i.^ted about 15 minutes, 
and the carriage had to stop to get up more 
steam. The next pioneers in the field were two 
Englishmen; William Murdock, inventor of coal- 
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gas lighting, in 1 784, and Richard Trevithick of 
Cornwall, the designer of steam-engines for rail- 
ways, in 180 1 . In 1803 Trevithick’s steam-driven 
carriage, with" wheels of lo-foot diameter and 
a horizontal instead of a vertical engine, travelled 
for the first time faster than any horse-drawn 
carriage, and later madt the journey of 90 
miles from Camborne to Plymouth. Trevithick 
apparently developed the idea of a gear-box for 
varyftig the speed of vehicles. 

At this time some people doubted whether the 
driving force could be transmitted to the road 
effectively by wheels. Sir Goldsworthy Gurney, 
for instance, another Cornish inventor, believed 
that when a vehicle was starting from rest, the 
wheels would spin round without biting the 
ground. So a few experiments were made with 
pushing struts or mechanical ‘legs' instead of 
w'heels. In 1825 Gurney built a steam carriage 
of this type which actually ascended Highgate 
Hill. In 1828 he accomplished the journey from 
London to Bath, and in 1 829 made a trip through 
Reading, Devizes, and Mclksham at such a pace 
that a horse-drawn ‘mail-cart’ had difficulty in 
keeping up. This vehicle carried 18 passengers. 
At the back were the flues, from which it was 
claimed that no smoke would be emitted, as 
charcoal and coke would used. The steam 
passed from the rear, where it was generated, 
to the driving pistons beneath the carriage. The 
boiler co'^tained forty iron pipes arranged in a 
horse-shc although this was one of the earliest 
application ^ of the tubular principle in boilers, 
it had actually been invented by an engineer 
called VV^illiam Henry James some years earlier, 
for use in Cornish mines. Towards the end of 
his career Gurney met with much opposition 
from the farmers, who said that the machines 
frightened their animals, and the keepers of the 
Turnpikes (q.v.), who raised their tolls on the 
grounds that the weight of these heavy steam- 
engines was tearing up the surface of the roads. 

In 1831 Sir * 'hades Dance took over some of 
Gurney’s steam carriages and ran them regularly 
four times a day between Gloucester and Chel- 
tenham. In 4 months the carriages covered 
3,500 miles and carried 3,000 passengers. I’hc 
distance of 9 miles was usually covered in 45 
minutes. 

Meanwhile several engineers tried to produce 
steam carriages like Gurney’s. Among the few 
who had some measure of success was William 
Henry James, the inventor of the tubular boiler, 
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who designed a two-cylinder engine to drive his 
vehicle, which weighed 3 tons. It was tried out 
on roads in Epping Forest, and succeeded in 
carrying fifteen passengers at a 'speed of 12 to 
15 miles an hour. In 1827 Walter Hancock, of 
London, took out a patent for a steam omnibus. 
His second steam calriage, named the ‘Infant’, 
ran from London to Bristol twice, and his 
‘Autopsy’ in 1833 plied regularly from the City 
to Pentonville. In these machines he alt first 
used a direct drive to the wheels from the crank- 
shaft, but afterwards adopted a chain drive, one 
chain connecting two wheels with the engine. 
Hancock operated many other services in ^^ondori 
and the Home Counties and was one of the most 
successful of these early pioneers. In 1833 Dr. 
Church of Birmingham started a service from 
there to London. 

This remarkable early progress, however, met 
with considerable opposition. Gurney was stoned 
by a hostile crowd, urged on by the irate posti- 
lions of horse-drawn’stagc-coaches whose custom 
he was threatening; landowners were unhelpful. 
In 1832 fifty-four parliamentary bills were intro- 
duced, by which ruinous tolls on the new vehicles 
were authorized. The railway companies, now 
very powerful, won an overwhelming victory in 
1865, when further progress was prevented by 
the introduction of the famous Locomotives Act, 
whereby the drivers of all power-driven vehicles 
w'ere limited to a speed of 4 miles pei hour, and 
were compelled to have a man walking in fiorit 
with a red flag b) da> or a red lantern by night. 

On the continent, however, the Iniernai- 
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'Hic co^cr has been removed from the engine. (From an 
exhibit in the Science Museum, London) 


COMBUSTION Engine (q.v. Vol. VIII) was de- 
veloping rapidly. The first step was the perfec- 
tion of the gas-engine by the German, Nikolaus 
Otto, in 1876. He introduced the fpur-stroke 
cycle of operation, a principle used in riiost 
petrol and diesel engines to-day. It was one 
Otto’s employees, however, who successfully 
applied this kind of engine to a road vehicle ; this 
was Gottlieb Daimler, whose name is com- 
memorated in the famous machines now made* 
at Coventry. His engine, a small model pro- 
duced in 1884, made to propel a cycle in 
1886, used petrol vapour. 

A further step was taken \)y Benz, of Mann- 
heim in Germany, who built in 1885 a three- 
w^hccled vehicle that carried two passengeis. 
The engine had a single cylinder which de- 
veloped £ horse-power and was supplied with an 
inflammable mixture from a carburettor. Al- 
though this car was crude in comparison’ with 
later models, the ignition of the petrol mixture 
w^as caused by an electric spark from a battery 
and coil. Similar cars were being manufactured 
in France and Belgium by Panhard and Levassoi , 
who had acquired the rights to build the Ben/ 
engine in those two countries. 

The first double-cylinder engine, which had 
the cylinders in the form of a V, was produced by 
Daimler in 1889. At this time motor-cars in 
France were reaching such a stage that long- 
distance road services were beihg organized. In 
1894 a race between Paris and Rouen was won 
by a steam-tractor hauling an or^linary open 
carriage. The next year the race run from Paris 
to Bordeaux was won by Levassor on a 4 horse- 
power Panhard, which covered the distance of 
735 miles at an average speed of 1 5 miles an hour. 
A similar car w^on the Paris to Marseilles race 
(1,077 miles) in 1896 at an average speed of 16 
miles an hour. 

In Great Britain the progress of the motor-car 
at this time was much slower, and several French 
models were introduced into the country. An 
exhibition of motor-cars was held at Tunbridge 
Wells in 1895, but motoring really started in 
this country in 1896. A procession of motor-cars 
took place from London to Brighton, to celebrate 
the abolition of the ‘red flag’ Act and to show 
how reliable new vehicles were. In fact, many 
of the cars broke down, for although engines 
were rcai.onably dependable, the transmission 
system (belt or chain in most machines) gavr 
constant trouble. 
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The first oider by a private customer was 
placed in 1897, and was for a Daimler car built 
at the conipari) \s works, which were established 
in 1896 at Coventry. This town and London 
became the two main centi^s of the motor 
industry, from which, during the next few' years, 
large numbers ol cais w'ere forthcoming. Most 
of them were very small tw^o-seat carts with no 
roofs and very poor springs, driven by an engha 
placed under the scat. They had wooden spoked 
or wdre wheels, and were stopped by either a 
block brake acting on the outside of the wheel, 
or a band brake acting on a drum ntted to the 
transmission. Motorists had to carry large cans 
of fuel and several spare tires, for there were no 
repair or filling stations to serve them. 

By 1 900 the motor-car had acquired a standard 
shape, plan, and appearance. Multi-cylinder 
engines were placed under the bonnets in the 
front of the cars; the drive was now transmitted 
from the engine to the wheels by gear-box. , 
with a lever for changing speed ; for this, bevel 
gears were now used instead of a chain and 
sprocket. Among the important British firms 
which started at about this time were Humber, 
Riley, Lagonda, Sunbeam, Swift, Napier, and 
linger. In France the iK mault company was 
formed, and in Germany the Opel company, 
and ‘automobile’ industries were also starting in 
America. This rapid increase in the number of 


(ciis was partly due to their popularity with 
fashionable society, and especially to the great 
intciest taken in them by King Kdw^ard Vll. 
The name ‘petrol' for the refined petroleum used 
in motor-car engines was iniroduced from the 
Flench about 1895 -though the Ficnch now 
use the word essence. 

In 1 90^; many more famous present-day manu- 
facturcis ^gan business; these included Stan- 
dard, Vau nail, Thorneycroft, and the American 
Ford. Motoring remained the pastime of wealthy 
people until the First Woild War, but many 
manufacturers had begun to consider making 
light, popular cars a few years earlier. The 
Rovei Clompany introduced in 1911 one of the 
fii St light cars, a 6 horse-power tw'o-seater costing 
Some manufacturers had earlier experi- 
mented with elaborate cycle-cars with wire 
wheels, chain drive, and an arm called a tiller, 
which steered ')y the single front wheel. As 
factory methods improved and output increased, 
it became possible to produce cheaper cars {see 
Motor-car Industry, Vol. VII). 

A great impetus was given to the motor-car 
after the First World War. Wooden wheels 
were replaced by steel ones. A lower body line 
and large pneumatic tires made a great differ- 
ence in appearance. In the 1920’s saloon bodies 
began to replace the open landaulettes and 
tourers. Brakes became more efficient, because 
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tlley were now fitted to all four wheels, and a 
‘servo’ system was used, in which mechanical 
power was added to the driver’s pressure on the 
brake lever. Common components were now 
becoming standardized and were produced for 
different makes by auxiliary manufactui ers. 
Many improvements, ^uch as 1 eduction in weight 
and greater reliability, became possible. Multi- 
cylinder engines were in standard use, four being 
the commonest number. 

The old method of building a chassis and then 
adding the body and other parts was fast dis- 
appeaiing. Machines were made that pressed 
out the parts of the chassis and body, wh ch for 
the sake of lightness were then welded or riveted 
together instead of being bolted as they had 
been before. The numbei of makes and models 
of cars became few^cr as small firms were squeezed 
out and larger ones amalgamated to form some 
of the present-day groups. 

See also Motor-car, Motor Transport. 

MOTOR-COACH* This term has come to be 
used for vehicles which stop less often and run 
faster than ordinary buses, and are usually more 
luxurious. Coaches are used for excursions and 
tours. The commoner kind of excursion is the 
day, half-day, or® evening trip, provided by 
firms at sea-side resorts, and fiom other towns 


and, indeed, villages. There are also extended 
tours, which last more than a day, perhaps as 
long as a fortnight or month, so that beds and 
meals in hotels have to be arranged for the 
passengeis, and arc charged for in the book- 
ing fee. 

Long-distance coach services in Britain and, 
indeed, in most countiics have to be licensed, 
and in certain countries it is not usual to allow 
them if they would compete with the railways. 
Britain has a great network of coach-routes 
radiating from London and reaching as far as 
Penzance, Glasgow, and Edinburgh; there are 
also many cross-country services. In the United 
States the Greyhound Corporation and its many 
associates run coach services right across the 
continent. After the Second World War a 
Swedish company started through coach services 
from Sweden to Paris, Rome, and other places, 
and Italian and Dutch companies followed suit 
For a number of years there has been a coach 
service between Damascus and Bagdad w^ith 
large vehicles which arc now air-conditioned and 
made comfortable for the journey across the 
hot desert. Most coaches are single-dcckeis, but 
London Iransport (q v.) produced an experi- 
mental double-deckel lor its Green Line servit es 
in 1949, and a few other British companies are 
doing the same. Passengers ol the Biitisli aii- 
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ways corporations and the Royal Air Force 


Transport Command arc carried in semi-doublc- 
deck coaches, the floor of the rear half of the 
vehicle b^ing raised to make room for luggage 
underneath. 

•See also Bus; Bus and Coach Station; Motor Trans- 
port, Motor Transport Maintenance. 

MOTOR-CYCLE. When the German, Gottlieb 
Daimler, began to experiment with an air- 
cooled internal-combustion engine, he fitted it 
in a wooden cycle frame in 1886, and thereby 
made the first motor;cycle. In England engineers 
could not attempt to emulate Daimler’s example 
until the Locomotives Act (which ordered that 
a man with a red flag must walk in front of any 
motor vehicle) had been repealed in 1896. Then 
Cioloncl Holden, one of several pioneers, built 
a motor-cycle with four horizontal cylinders; and 
a number were made and sold between 1899 
and 190a. M'l^v were tricycles, with accom- 
modation for a passenger behind the driver; 
many were ordinary bicycles with an engine 
added. One of the principal problems was where 
to put the engine. Sometimes it w'as placed on 
the front forks; sometimes on the front dowr 
tube, sometimes under the saddle. Pedals W'cre 
used, especially on hills, to assist the engine, 
which had only one gear. To start the machine 
the rider had to push it along the road at 6 miles 
per hour or faster before jumping on. Faulty 
ignition in the first years of the motor-cycle made 
the I isk of fif c considerable. 

The institution of road trials in 190^-4 helped 
manufacturers to study defects and work out im- 
provements. In 1907 the Tourist Trophy races 
were first held in the Isle of Man over a rigor- 
ous 37-milc course {see Motor-cycle Racing, 
Vol. IX). Largely as a result of these tests, the 
ignition was improved by the introduction of 
the high-tension magneto; the best position for 
the engine was found to be the lower middle 
part of the frame ; the kick-starter was intn - 
duced so that a rider does not have to get ofl'ant. 
push his machine to get up speed for starting 
every time his engine stops; variable gears were 

dopted to enable riders to surmount hills; and 
ultimately the chain drive was accepted as being 
better than a rubber or fabric belt drive. 

The combination of a mt>»or-cycle with a sidc- 
f'ar was first seen in 1903, when the side-car was 
a basket chair on a tubular chassis. The pillion 
also became popular; but the light, cheap 
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iiolden’s motor-bicycle, 1897 

From an exhibit in the Science Museum, London 

car, produced in quantity after the First World 
War, largely took the place of the motor-cycle 
with side-car. Among the post-war machines 
was the motor-scooter, which did not, however, 
prove popular. 

During the First Woild War heavily-built 
motor-cycles w ere called for by the Army for use 
in the Machine Gun Corps. After the war there 
was a quickly growing demand for motor-cycles, 
which could not be met until they were produced 
in mass. Great Britain established itself as the 
biggest and best mass-producer of motor-cycles 
in tlie world. I’he international races in the Isle 
of Man V • r- invariably won by British riders on 
British m: ines, until the closing years of the 
’thirties wh».ii there was more competition from 
Germanv and Italy. 

In recent years the motor-cycle has been 
increasingly used in police forces in several parts 
of the world, and for dispatch riders in the Army 
and Fire Service. Motor-cyclists have the ad- 
vantage cf being able to cover rough ground 
(whether natural or pitted with bomb craters) 
.md to thread their way through traffic. 

See also Bicycle- Motor-car, History of. 

See also Vol. ly Hirt Track Racinc; Motor-gscle 
Racing. 

MOTOR-SHIP. This is a merchant ship, 
whethci of passenger-carrying, cargo-carrying, 
or tanker type, which is propelled by internal 
combustion. The engine is variously known as 
a motor, diesel, or heavy oil engine. None of 
tliese terms is correct in the truest technical 
sense, but all are employed according to the 
whim of tlie person using them. 
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Thr early internal-combustion engine for use 
on the road was the work of several hands {see 
Motor-car, History of). From a marine point 
of view, however, the placing of internal com- 
bustion on a practical basis is usually associated 
w'ith a German, Dr. Diesel. His basic patents 
were applied in engines fitted to the cargo liner 
Selandta in Copefihagen in 1912. Though a 
small oil-tanker with a motor-engine had been 
in service in the Dutch East Indies a few years 
before, the Selandia claims pride of place as the 
first ocean-going motor-ship. She was also 
notable in that she had no funnel ; the designers 
of most of the early motor-ships felt that it was 
necessary to symbolize in this striking way a type 
of ship which was to revolutionize sea transport. 

At the outbreak of the Second World War 
nearly a quarter of the total gross tonnage of 
ships throughout the whole world was propelled 
by intcrnal-rombustion engines, and meiited, 
therefore, the title of motor-ships. 

The advantage of a motor-ship is that the 
internal-combustion engine has the lowest ra.. 
of fuel consumption of any prime mover in the 
world. It burns well under J lb. of oil for every 
horse-pow'er it develops for every hour that it runs. 
The best type of oil-burning steam machinery, 
which is a geared turbine with water-tube 
boilers, used at least o-6 lb. per horse-power per 
hour. An ordinary reciprocating steam-engine 
uses I Ib. of oil per horse-power per hour. If the 
ship i^ coal-fired, it uses over lb. of coal per 
horse-power per hour. When these differences 


are worked out in terms of tons of fuel whicli 
must be carried within the ship’s hull to enable 
her to proceed at her designed speed, it will be 
seen that the ship which uses less fuel than any 
other kind is likely to be the most popuLir. 

It was at one time claimed that as a diesel 
engine is rather more complicated than othei 
engines, its upkeep cost must be greater. This is 
no longer true, because the increasing demand 
/or the diesel engine has led to improvements in 
design and a measure of standardization which 
makes repair and maintenance a comparatively 
easy task. 

There is a wide range in type and size uf 
motor-ships. The smallest may be no more than 
little river tugs of no horse-power, while the 
most powerful motor-ship in the world is the 
37 > 5 <^o horse-power Dutch motor-liner Orariji, 
which trades between Amsterdam and the East 
Indies. It is among cargo-liners and coasteis 
— ships requiring between 800 aqd 1,800 horse- 
power — that the diesel engine is most populai. 
Great Britain is one of the biggest owners of 
motor-ships in the world, being closely rivalleil 
in this respect by the Scandinavian nations, wIk^ 
were among the pioneers in tlic use of internal- 
rombustion engines at sea. 

Motor-launches, whether used for pleasure 01 
for carrying about harbour officiak in large ports, 
arc not regarded as motor-ships, but as beiny 
more akin to Motor-boats (q.v. Vol. IX). 

See also STE.AiiiHipi, History or; Elbgtrig Ship. 

Sec also Vol. VIII: iNTBRNAL-ooifBumoN Engine.* 


motor transport. Britain and other 

highly developed countries have become in- 
creasingly dependent on modern organized road 
transport -for the distribution of food and the 
carrying of the trade by which they live. The 
railways ,are among the largest users of road 
transport in Britain. They have followed a policy 
for many years of buying control of road haulage 
companies. 7 'hcy have closed many small rail- 
way stations to goods traffic, and have set up in 
their place road services worked from suitable 
( ( litres. This prqpcss, which has reduced costs 
and quickened delivery, was hastened by the 
Transport Act of 1947, which brought all the 
[irincipal means of transport under Government 
control. 

Most of the 670,000 goods vehicles in Britain 
that year were used by some 250,000 owners for 
their own business. If an owner carries goods 
for anyone but himself, he must secure a special 
licence. ‘A’ I'c, • permitting general haulage 
for hire, covered almost 84,000 vehicles. ‘A con- 
tract’ litrnces, enabling an owner to carry' goods 
for one firm in particular vehicles, accounted 
lor a further 14,000 \ chicles. There were ovci 
64,000 vehic les with *B’ licences, whose owner* 
used them mainly for themselves but could 
occasionally' carry goods for other people. On 
an average, an owner of an ‘A’ licence owned 
five vehicles, an owner of an ‘A contract’ licence 
had three vehicles, and one of a ‘B’ licence had 
two vehicles. The Act of 1 947 allows the national 
Road Haulage Executive, for the (Government, 
to take over haulage businesses with ‘A’ licences 
for services longer than 25 miles. Lorries taken 
over by the Executive bear the name 'British 
Road Services’. 

Limits arc laid down in most countries to the 
size and shape of vehicles using the roads. In 
some countries the situation is complicated by 
the fact that restrictions vary in different parts 
of the country. In the U.S.A., for example, each 
state makes its own regulations for vehicles, a/ ^ 
iiauliers often have to transfer loads from one 
vehicle to another at the state border. They 
have for some years been trying to obtain the 
adoption of standard dimensions throughout the 
country. Lorries in other countries tend to be 
huger than they are in Brtain, as the law’s arc 
not so strict in this respect. 

In England some lorries bigger than the 
01.(1 inary limits are allowed to run, under condi- 
tions. Among, these are the lorries used to 
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move locomotives from the works where the^ 
have been built to the docks for shipment, for 
these locomotiYCS often cannot be carried by 
rail as they will not fit the loading-gauge of the 
British railways. These are called ‘abnormal 
indivisible loads’, and when one is going to be 
moved, special notice has* to be given to the 
police in the places through which the journey 
will be made, and also to the road and bridge 
authorities. Since the Second World War special 
maps have been made which show the maximum 
weight, height, and other limits for all the im- 
portant roads. During the war the military 
authorities made careful plans recording all the 
roads in the country over which a military 
advance was likely to be made, and the type of 
trafhe they could handle. The necessity of this 
W('rk was apparent when the Allied forces w'err 
driving the CGermans out of France and Belgium 
in 1944. The railways had been thoroughly dis- 
organized by air attacks, and roads had to be 
used to provide almost all supplies for the armies 
as tliey pressed forward. The final attack on 
Germany gave an even better example of what 
could be done with time to plan. The four 
American armies were kept supplied by a fleet 
of lorries which ir April and May 1945 carried 
14,000 tons a day for an average distance of 130 
miles. 

In Britain a lorry with more than two axles 
can be 3 ^'eet long, or if it is an articulated 
vehicle, th is, a tractor wdiich supports part of 
its trailer, it may be 5 Ibet longer; a two-axled 
vehicle may be 27 ft. 6 in. long. A separate 
lorry' and trailer must not be longer than 60 feet 
together. Lorries which, unladen, w'eigh less 
than 5 tons, may travel at up to 30 miles an 
hour; those which weigh more are limited to 20 
m.p.h. Buses may travel at the higher speed 
whatever their weight, and so may horse-boxes. 

One of the problems of a road-haulage under- 
taking is to make the most of its fleet by keeping 
it fully used; a method of doing this which 
has become steadily more popular is by the use 
of articulated vehicles. The mechanical hoi-sc — 
a small motor or electric unit, often on three 
wheels — was proving efficient for the local haul- 
age work which had previously been done by 
horses. Then it was found that, thanks to easy 
c(3upling devices, a mechanical horse could be 
used to collect or deliver loads in the town, and 
so release the larger tractor which was necessary 
for moving the loaded trailer cn the long-distance 
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journeys For example, articulated milk tankers 
are to be seen making for London on many 
main roads. When they get there, the trailer on 
which the tank is mounted is detached, another 
trailer with an ejmpty tank, which has been 
awaiting its arrival, is attached, and the tractor 
quickly leaves again for the country^ Another 
method of transporting milk is by self-contained 
tank trailers. These are hauled by tractor to the 
nearest important station, where they are placed 
on special wagons which carry them in fast 
freight trains to London or other big centres 
There they are hauled off and taken by another 
road tractor to the milk depot After the milk 
has been bottled, it is then delivered to the 
customers, sometimes in electric vans and some- 
times in small pram-like conveyances driven by 
a little electric or petrol motor. 

There are many others tankers on the road 
besides those which carry milk. Most of th'* 
petrol used in Britain is distributed by road, at 
least on the final stages of its Journey; and tar 
and chemicals arc also carried The tanks have 
to be built carefully so that they do not leak, 
and the material used for tanks < arrying chemi- 
cals has to be carefully chosen, since some metals 
arc eaten away by some chemicals and not by 
others. 

Large building contractors employ lorries with 
special bodies for carrying liquid cement; this is 


of great value when some large work, such as the 
construction of an aerodrome runway, is being 
undertaken Instead of having a whole host of 
small mixers with the inevitable possibility of 
the quality varying fiom mixer to mixer, it is 
possible to make the whole mixture in one big 
plant, and to distribute it in the lornes 

Refrigerated vans have beerr used more since 
tlie development of ‘dry ice’ Tins is the chemi- 
cal, usually wrapped in paper, which can be 
seen in blc;)cks m the bottom of the rontaineis of 
ice-cream tricycles Refrigerated lorries, with 
specially insulated bodies, are kept at the coiicct 
temperature in this and other ways Many are 
used to carry meat from the distributing centres 
to smaller centres, and direct to the butchers, 
and also for transporting other loodstufls Coal 
IS still usually carried by rail horn the pit to the 
station nearest to the consumer, but road tians- 
port IS used to shift most of the coal from open- 
cast mining sites {see Goal Mining, Vol. VII) 
An organization has been built up for the move- 
ment of parcels and packages (called ‘smalls’ in 
the haulage industry) throughout the countr> 
The parcel is first handled by a lorry in local 
collection work, is then transferred to a lorr\ 
on a trunk service which travels through the 
night, and is delivered next day by another local 
delivery vehicle. Containers which can be trans- 
ferred by crane from one lorry to another, 01 
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from a lorry to a railway flat wagon, have so far 
aroused more interest on the continent of Europe 
than in Britain or America, but since the Second 
World War British firms have been considering 
them. There is now an International Container 
Rureau which works to achieve satisfactory stan- 
dard types so that there can be a more easy 
international exchange of traffic carried in con- 
tainers. The British railways were among the 
•first to use them — in the 1920’s — and they 
advertised them widely for household removals. 

Some two-purpose vehicles are designed for 
use either on roaejs or on the railway. The 
London Midland and Scottish Railway experi- 
mented with a motor-coach which ran on the 
railway from Blisworth, Northampton, to Strat- 
ford-upon-Avon, and then travelled on the road 
as far as the railway hotel. This practice was 
abandoned, but lorries of this type arc useful in 
remote areas for carrying gangs engaged in rail- 
way track repr.i^. as the men can by this means 
travel more directly to their work. Road-rail 
buses have been used in other countries, includ- 
ing the Netherlands and the United States. 

See also Motor-car, History 01; Roads, Modfrn; 
Road Transport Enoines. 

MOTOR TRANSPORT ENGINES, 5^^ Road 
fRANSPORT Engines. 

MOTOR TRANSPORT MAINTENANCE, 

A bus or coach stranded by the roadside is to-day 
a rare sight.^ This is due to the efficiency of the 
garages from which vehicles are 
operated. Most bus depots look after 
the maintenance of their vehicles 
and the administration of their staff. 

Let the daily happenings at a London 
Transport garage, briefly surveyed, 
serve as an example. 

Each weekday morning at about 

4.30 a.m. and on Sundays about 

6.30 a.m., the buses allocated for 
service arc ready. During the night 
the garage foreman has assigned each 
to a route, and the buses’ running 
.lumbers, obtained from a duty 
schedule, show the garage staff how 
to arrange them in order of departure. 

Ten minutes before each is due to 
leave, the engine is started; it then 
awaits its crew (driver and conduc- 
tgr). 


The crew sign on for duty 10 minutes befort; 
the bus is due to leave. This allow^s time for the 
driver to look ^ over his machine and the con- 
ductor to prepare his tickets and way-bill, which 
are issued to him in a fibre box with the route 
and duty number stencilled on the outside. 
Destination blinds arc tilrncd to the correct 
position, and the bus leaves for a day oti the 
road, which may last for any time up to 18 hours. 
London Transport garages take between 20 to 
200 vehicles. The departure of buses, or ‘run- 
out*, as it is called, varies v^ith the size of the 
garage. It may last 3 or 4 hours, and, during its 
peak, buses leave the garage at 30-second in- 
tervals. An inspector usually checks the run-out, 
and notes each bus number, to see that none are 
missing and that they are leaving on time. After 
this, the crew follow the instructions on the time- 
card. 

During the day, when the garage is almost 
bare of vehicles, plenty of people are working. 
Every day a certain number of buses are with- 
held from service, for mechanical inspection and 
overhaul. Some need to be sent to a central 
repair woiks for complete renovation or an over- 
haul. This needs careful planning to ensure that 
there are enough men and buses each day. The 
garage has to be cleaned daily, as it is generally 
very dirty after a hundred or more buses have 
been in and out within a short space of time. 

Besidev » hr clerical work that always has to be 
done whe a large number of people are em- 
ployed, anangements must be made to provide 
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substitutes for drivers and conductors who are 
absent on holiday or sick-leave. This is done by 
a depot inspector. As a bus is often handled by 
as many as four different crews during the 
day, men are signing on at all times. There arc 
early, middle, and late shifts. 

At night when tWe bus is returning to its 
garage, the conductor closes all the windows, 
and when it arrives, one of the night depot stafi' 
drives it on to a high pressure w'ashing-|)lant, 
where a gang of cleaners removes all the grime 
off its exterior in a few minutes. Then its tanks 
are filled with petrol or diesel fuel, and the 
amount put in is recorded. When the 1 us has 
finally been parked, the interior is cleaned out 
and the boxes for used tickets arc emptied. 

Meanwhile the crew have signed off, the 
driver reporting the condition of the bus on a 
mechanical report sheet, and the conductor pay- 
ing in his cash and returning the tickets, punch, 
and equipment to the official on duty. The ticket 
boxes are used for 3 days without being filled 
up. When all the buses have returned to the 
garage, the night foreman checks the mechanical 
report sheets and notes any defects. He decides 
if these can be rectified immediately or whether 
the bus should be kept ofl' the road the next day. 
The buses are allocated by the results of his 
examination. 

See also Bus, Motor-coach; London Transport. 

MOUNTAIN PASSES. These provide ways of 
crossing mountain barriers. The importance of 
a pass depends on the length of the barrier to be 
crossed and the extent to \\ hich the pass supplies 
the need for communication between the peoples 
living on cither side of it. That is why the Aljiine 
passes are so important, for the barrier is long, 
and the need for communications has been very- 
great ever since the Roman Empire began to 
extend civilization beyond the Alps. 

There are tliree great mountain barriers in 
Europe, the Pyrenees, the Alps, and the Cauca 
sus (qq.v. Vol. Ill), all of which stretch from sea 
to sea. The Pyrenees are the shortest of these ; 
but, though there arc no very high peaks, the 
lowest passes in the central part of the chain are 
rarely under 6,000 feet, and as the range is only 
60 miles wide, the gradients are very steep. Con- 
sequently all the traffic between France and 
Spain, except such as can travel by mule paths, 
has in Yhc past gone round the ends close to the 
sea, and the Spanish side of the central Pyrenees 
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A motor load /i^/anfs down ilir side 


has remained one of tlic most primitive regions 
of Europe. To cross from a popular French 
tourist centre, such as Gavarnic or Luchon, has 
been almost like passing to another continent, 
particularly in any season but summer. Now 
there are two railway lines which cross the 
central Pyrenees. The Caucasus is a great 
barrier, 700 miles long, stretching from the Black 
Sea to the Caspian, and the people to the south 
of it have been until recently very backward. 
There arc only two passes across it suitable foi 
heavy traffic, but it has l)een crossed by traderi' 
from very early times (see Trade Routes). The 
Alps form an immense arc over the Italian plain, 
with its ends reaching the Mediterranean near 
Nice and the Adriatic near Trieste. From vcr\ 


rarly times, ways have been found through its 
passes for armies, pilgrims, commerce, and 
pleasure seekers passing to and from Italy. Hos- 
picef kept, by monks gave much needed shelter 
to pedestrians who braved the dangers of moun- 
tain passes in winter and spring. Hannibal’s 
crossing of the Western Alps with all the equip- 
ment of an ancient army, including elephants, 
m October 219 b.g., probably by the Col de 
TArgcntierc or the Mont Gen^vre, was an 
extraordinary feat (see Hannibal, Vol. V). 

In Asia the hug^ arc-like barrier of the Hima- 
r,AYA8 (q.v. Vol. HI), north of India, is a whole 
series of high mountain chains. The passes that 
lead through the first high range above the 
plains of India only lead to high, sparsely in- 
liahited districts; but the areas separated by the 
(ireat Himalayas are so vast and so important 
for trade that in the season when the melting of 
the snow makes traffic possible, trains of pack- 
ponics and ya^- "'"d their W'av horn Tibet along 
loutcs 14,000 to 18,000 feet high. 

'J’he Rocky Mountains and the Andes (qq.v. 
Vol. Ill) extend the whole length of the Ameri- 
can Continent, leaving no way round for the 
peoples living in the huge teriitories lying on 
either the Atlantic or Pacific side of this great 
barrier. Passes had to be found first trails {see 
American Trails), then roads, and, by the 19th 
century, railways. There are three great railw^ay 
rout<;s across the Rockies. The Transandinc 
R.iihvay, linking the Argentine w'ith Valparaiso 
( ( ’liile), has tlie highest railway pass in the woild, 
which lollow's the route of the Uspallata Pass 
(12,800 feet) and gc^es thiough a 2-milc tunnel 
under the pass {^ee Railway Sysiems). 

Frontier passes may be regarded by the people 
on either side as gateways to be opened or locked, 
and in war time rather as a gap in a hedge to be 
closed with barbed wire. A narrowing of the 
valley at the foot of a pass is a favourite place 
lor the examination of passports and the visit of 
ibe customs officers to levy tolls on certain gooc’ 
while the neighbouring heights are fortified to 
resist invasion. These fortifications testify to the 
importance of a great mountain pass in the 
flefcnce of a frontier. Peace-loving nations like 
the Swiss feel all the more secure for holding both 
^ides of important passes "uch as the Simplon 
‘»nd the Bernina. 

1 he word ‘pass’ generally implies the crossing 
^>1. a watershed; but it is also used for a defile 
'^hich provides an approach to a high pass 
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through a difficult bit of country; well-known 
examples .uc the Pass of Killiccrankie leading 
up to the main pass over the Scottish Grampians; 
the Daricl Pass leading uj) to the main pass 
across the Gauc.isus, connecting Vladikavkaz 
and I’iflis; the ’ hyber Pass, which leads from 
Pakistan to Afghanistan, but is far from the 
watershed of the Kabul River. The typical 
mountain pass crosses a watershed at a depressicjn 
between two higher points of the chain, its 
nature being suggested by the word col (Latin 
collum a neck) in tlic Alps, or by the word port 
(gateway) in the Pyrenees. A valley leads up to 
i^on either side; but owing to tlic erratic ways 
in which w'ater works its wav through the surface 
of the earth, the approaches O mountain passes 


MOUNTAIN PASSES aBa 

a,re often devious and difficulty too difficult for from purely local communications) except I 


any but mountaineers and smugglers. Water is 
apt to cut its way down as a saw cuts through 
stone; the result is a narrow gorge in the rocks 
that may leave no passage for a road or even a 
small path between the rocky wall and the 
torrent. Deep clefts ^ike this or very steep steps 
in the valley or at its head compel the makers 
of roads or railways to mount high above the 
main valley bed. 'Ihis involves the building of 
bridges or viaducts over side valleys, and some- 
times height has to be made by ascending tunnels 
in die mountain side, or by zigzags with sharp 
turns. The east side of the Stelvio Pass i ver the 
Engadine Mountains in Switzerland has over 
forty of these sharp ‘hairpin’ bends and provides 
a good racing test for motorists. Railways solve 
the problem of the very steep, long final slope 
by Tunnels (q.v.) under the watershed. I’he 
Mont Cenis (1871), 7J miles long, the St. Gott- 
hard (i88j) and Simplon {190G) tunnels, 12 
miles long, were opened bcfoie the development 
of motor transport, when the crossing of such 
passes was a long day’s drive. This method of 
passing the barrier by tunnelling is specially 
applicable when a single, comparatively narrow 
range has to be crossed. If the barrier is broad, 
as in the case of die Rockies, there is no alter- 
native to a long gradual ascent on either side to 
the lowest practicable gap; as there is in the 
Yellow'hcad, Kicking Horse, and Crow’s Nest 
Passes, all of them difficult problems for the 
railw^ay engineer. 

Road tunnels under main watersheds have 
been rarely made. A very' old example of one, 
however, is on the Col de la Traversette, north 
of Monte Viso, a pass of over 9,000 feet lead- 
ing from France to the valley of the Po. Th(‘ 
\Iarquis of Saluzzo and Louis XI of France 
pierced through the top of this high barrier to 
facilitate the export of salt from Provence to 
Italy and of rice and oil from Italy to France. 
The recent project of a road tunnel under Moi i 
Blanc, linking France and Italy by a shortened 
route, may mark the beginning of a new phase 
of road tunnelling which will satisfy the need 
for quicker, cheaper traffic, and obviate the 
difficulties of keeping high mountain passes open 
for more than a few months of the year. 

As transport by air increases, the importance 
of the high mountain passes as means of com- 
munication will obviously grow less. A time 
may soon come when they are little used (apart 


those who value their historical interest, tii 
healthy opportunities for exercise, and the quit 
enjoyment of unhurried travel and. beautifu 
scenery which they will always provide. 

See also Vol. Ill: Mountain Building. 

MOUNTAIN RAILWAYS. For many ycais 
mountain ranges proved a serious barrier to 
railways, until enginccis found way's of cutting 
Tunnels (q.v.) through the rock. In order to 
serve towns and villages whic^^ are some way up 
the side of a mountain, hovyever, railways have 
had to find a means of climbing steep slopes. 

I. Rack-and-Pinion. The steepest gradient 
that can be climbed by the grip of an ordinal y 
locomotive wheel on an ordinary rail is about i 
in 14 (with electric traction), though there are 
one or tw'o lare examples of lines as steep as i in 
II. On steeper slopes a rack-and-pinion method 
is used, by w'hich gradients as steep as i in 9 or 
even 1 in 8 can be climbed with short tiains of 
light rolling stock, or as steep as i in 2 with only 
a single coach containing passengers and power 
unit. A steel rack is aiKrhored securely between 
the running-rails, and the teeth of suitable pinion 
wheels under the locomotive or powered coach 
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FIO. I. RACK AND PINION RAILWAYS 

a. RigRcnbarh systrm. S. Abt system, c. Ix)chcr .systcr> 
in which thr carrying wheels have no flanges 



engage with the rack. Not only docs this prevent 
slipping, but it guards against the danger of trains 
getting out of control when descending. 

There are three types of rack in common use, 
all having originated in Switzerland, where many 
luies are in operation. In the older ‘Riggenbach’ 
system, the rack resembles a steel ladder, and the 
locomotive pinion revolves vertically (Fig. la). 
The ‘Abt’ system employs a pair of racks, side 
hy side, the two rows being set ‘out of step’ with 
one another (Fig. i b). This system requires two 
vertical pinion wheels (or three, in the rare 
event of three racks being used for greater 
security, up the steepest inclines). In the ‘Locher’ 
system, used on extremely steep gradients, such 
as the I in 2 of the Pilatus Railway in Switzer- 
land, the single rack has teeth cut in both edges, 
and is laid horizontally (Fig. ic). The locomotive 
is fitted with two horizontal pinions, engaging 
both -sides of the rack, and also carries two 
steadying roller'- which bear on the two sides of 
the inverted U-shaped steel section carrying 
the rack. 

Trains using ordinary railway lines on moun- 
tain passes and elsewhere sometimes need rack- 
and-pinion assistan< e over parts of their journe’ 
only: locomotives arc used whidi can workcitlier 
with or wathout a rack. These locomotives run 
at a reasonable speed over the flatter parts of the 
route with their ordinary driving wheels, resort- 
ing to rack-and-pinion work over the steepest 
parts of the line. The Brirnig and Visp-Zermau 
Railways in Switzerland are good examples of 
such routes. 

2 . Rope Haulage. On gradients steeper 
than I in 2 even tlie rack-and-pinion piopiilsion 
would not be safe, and use is tlien made of the 
funicular princij^le, with rope haulage, between 
two stations. Two cars running on rails are 
connected by a liaulage cable which is passed 
round the large drum of a winding-engine; this 
is usually ojierated at the higher of the two 
stations. The cars move simultaneously, o^e 
going dowm wdiile the other goes up (Fig. 2). * 

single pair or three rails is enough, except for a 
loop exactly at the midway point, at w^hich the 
*^vvo cars pass one another. The w^eight of the 
descending car, increased as necessary by the use 
of water-ballast, helps to pull up the car wdiich is 
making the ascent. A rad way of this kind is 
seldom more than a mile long. If the distance 
were greater, the weight of the cable would 
become unmanageable. On longer funicular 


MOUNTAIN RAILWAYS 



Tie, ' 2 . n^NK.ULAR RAILWAY 

a. Diagram of track with three rails, b. Section of control 
room and car. c. Fork at loop. The wheels in the ccnt»c 
rail have no flanges and so roll over the fork, guided hy 
double-flcinged outer wheels 

lines, such as tho.se up the Niesen (if miles) and 
the Stariserhorn (2J milcr) in Switzerland, the 
railways are broken up into two or three 
completely independent sections, for which pas- 
sengers must change cars. Compared with rack- 
and-pinion lines, on wdiich many trains or cars 
can travel in suecession, a funicular is limited to 
the carryi capacity of its two cars, one moving 
up and on down at any given moment. The 
steepest gradient on any Alpine funicular is 
al)Out I in ij. 

3, Suspension, llic suspension or cable rail- 
way, or telepherique, is in reality not a railway 
at all, for it has no rails. Instead, a passenger 
ear is suspended by pulley'-whcels from a strong 
fixed cable, and moves up and down this. Nor- 
mally there arc two fixed cables side by side, 
each being used by one car. The cars are made 
to move up ar down on the same principle as 
that of the funicular railway (see Section 2); a 
single endless haulage rope is carried round 
drums at both the upper and lower station. As 
the haulage rope moves, one car is drawn up its 
fixed cable and the other down. In addition to 
the main cables and the haulage rope, tliere are 
usually two otlici cables, one for each ‘line’, on 
which clasp brakes can be made to act by the 
driver, in the event of it being necessary to 
regulate the speed of the ( ar 



The advantage, of the suspension railway is 
the fact that it requires no permanent way. Up 
a rough and irregular mountain-side, vvheie a 
funicular railw'ay would need bikli^es across 
valleys, or tunnels under projecting spuis, the 
teUph^ique can swing from tower to tower, 
with spans of almost indefinite length il it is 
necessary to cross a deep valley. The disadvan- 
tage is the small carrving rapacity of the cars, 
which must be limited in vn eight to reduce the 
strain on the supporting cables. 


Ihere aie many suspension lines in the Alps, 
particularly in Germany, Austria, Fiaiue, and 
Italy, a w'ell-known railway of this kind runs up 
Table Mountain, in South Ahica. The most 
striking example oi a long span is at Bidvent, 
above Chamonix, in the Alps ol eastern France 
This swings straight up from one height to the 
summit oi the cliffs forming the south face of th( 
Brevent peak — a span of 4,joo iect with no 
intermediate support. 

Stt also Moi MAIN IVssFS. 
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NAMES. I. Personal Names. Many primitive 
people believe that their names arc vital paits ot 
themselves, and are therefore vcr>^ unwilling to 
let them be known. Some races, such as the 
ancient Egyptians and some American Indians 
to-day, customarily have two names, one for 
common use, and one kept carefully concealed 
for fear an enemy should use it to harm its 
owner. In the German fairy story, Rumpelstilts- 
kin’s power was gone as soon as his name w'as 
known. 

Nowadays most people in countries with Chris- 
tian traditions have two kinds of name— a sur- 
name which they get from their father, and share 
with their brothers and sisters, and Christian or 
personal names, which are given to them indivi- 
dually. In many parts of the world, however, 
particularly in the past, people have had only 
one name —a personal one. Sometimes a nicK- 
narnc or ‘the son of so-and-so’ was added as an 
extra way of distinguishing a person. In Anglo- 
Saxon times, when one name had to do the w^oik 
of both Christian name and surname, theie were 
several devices for marking family connexions; 
for instance, members of a family might all have 
names beginning with a vowel or with the same 
consonant. 

Names are made up of ordinary" words taken 
from the language which was in use when the 
• names were first given. Sometimes, as in Hebrev'’ 
several very short words are combined to inak 
a name which is really a sentence — the name 
Michael, for instance, which is of Hebrew origin, 
means ‘Who is like unto the Lord?* In the 
Indo-European family of languages (q v.), to 
which English belongs, names arc usually made 
up of two words. Alfred, foi instance, a name ot 
Old English origin, consists of two words mcaxi- 
uig ‘elf’ and ‘counsel*. 

‘The names brought over by the Normans in 
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the late 1 1 th centur^^ were for the most part als© 
of remote Germanic origin, and not unlike some 
of the native English names w^hich they largely 
displaced. Ma'iiy of our commonest modern 
names, such as William, Robert, Geoffrey, and 
Charles, were introduced at the time of the 
Norman Conquest. 

A few Old English names survived the Con- 
quest. But from the 13th century onwards most 
Englii>h Christian names were drawn from the 
general stock of names common to Christian 
Europe. These names were 'cither taken from 
the Bible (being therefore mainly Hebrew or 
Greek in origin), or from the Latin names of 
a large number of saints. Most names were 
changed to suit English ways of speech. Thus 
the German Gottfried (meaning ‘the peace of 
God’) had become Godefioi in France, and w^as 
turned into ‘Godfrey’ in England. 

The Puritans in the late ifith and early I7tb 
centuries introduced special names of their own, 
which have become more common in the LI.S.A. 
(where they were used by Puritan ernigiants) 
than in England. For a short time in England 
entire religious phrases were used as names; 
a famous example is ‘Praise-God Baiebones’. 
Ancient Hebrew names were based on the same 
principle. Daniel meant ‘Tl\g Lord is Judge*; 
John meant ‘Jah (God) is gracious*. In the same 
way the Moslem name Abdullah means ‘Servant 
of God’. 'J he English Puritans also used Old 
q’estarnen ames, such as Jedidiah, Ebenezer, 
Ephraim, L ra, which have died out in England 
but arc still used in the U.S.A. 

More recently it has been fashionable to use 
ournames as Christian names, frequently out 
of admiration for some great man or socially 
eminent family. Cecil (the family name of the 
Marquis of Salisbury), Dudley, and Percy com- 
memorate the names of famous families, while 
(Gordon is in memory of General Gordon, and 
Rodney oi Admiral Lord Rodney. In the U.S.A. 
there are ma^ such Christian names, for 
example, Calvin, Elmer (the surname of tw^o 
lirothcrs prominent in the American Revolu- 
tion, and originally from the Old English per- 
sonal name iEthclmaer), Jackson, Grant. Lee, 
Jefferson, Lincoln, Luther, Washingion, and 
Wesley. 

a. Surnames. By the 14th century parents 
tended to give most children the names of a few 
popular saints, such as Thomas, John, or Jam^ 
Since many people in the same village would 
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Rnd themselves bearing the same names, the 
custom of using surnames began to come in. At 
first these were plain labels, such as John the 
Carpenter and John the Tailor.' 

One of the commonest ways of forming sur- 
names was from the father’s or mother’s name, 
sometimes followed ‘-s’, or the w'ord ‘son*, 
and sometimes without any addition. Many 
languages expressed this relationship by prefix- 
ing a word for ‘son’ or ‘descendant’; siich as 
the French 7?/j (in such names as FitzGibbon) 
and the Gaelic words which appear as ‘Mac’ 
(MacDonald) and ‘O’ (O’Brien). The Welsh 
word was ap (Ap-Hugh, ‘son of Hugh’, h<is given 
the modern surname Pugh). 

A popular medieval Christian name could 
give rise to a great variety of surnames, because 
there were so many forms of the (’hristian name 
in use. Robert gave rise to the nicknames Rob, 
Robin, Hob, Dob, Nob, and the surnames 
Roberts, Robertson, Robins, Robinson, Robson, 
Robeson, Nobbs, Hobbes, Hobson, Hopkins, 
Dobbs, and Dobson; and Henry, a French name 
which became Harry or Herry in English, gave 
rise to such surnames as Henry, Henryson, 
Harries, Harris, Harrison, Henderson, Hendrcy, 
Haw^ke, and Hawkins. 

Place-names arc the source of another class of 
surnames; some of them, for example, Oxford 
and Lincoln, are easily recognizable, but some 
preserve an earlier or corrupt fomt of a place- 
name. Names describing an occupation or office 
often become surnames: besides such obvious 
examples as Smith, Skinner, and Sergeant, some- 
times names came from terms which have 
vanished from the spoken language, such as 
Akerman (‘ploughman’), Theaker (a northern 
variant of Thacker, meaning ‘thatcher’). Names 
like Pope, King, Cardinal, and Bishop do not 
mean tliat an ancestor of the present bearer 
necessarily held those positions. But it is very 
likely that they did take the parts, perhaps for 
several years running, of a bishop, king, 
cardinal in a medieval play or pageant, and the 
names stuck to them, like nicknames. 

Nicknames also often give rise to surnames. 
They refer sometimes to the owner’s person, 
with Armstrong, Crookshanks (^ rooked leg), and 
Whitehead, or to character as with Goodfellow, 
1 ruclove, and Merriman. Some contain a verb, 
as does Shakespeare, which may mean what it 
says ot may have been sarcastically applied to 
a coward. Breakspear and Shakestaff are similar. 


and so is the German name Klopstock. Other 
names of the same type are Lovejoy, Dolittle, 
and Makepeace. Drinkwater is the same as the 
French Boileau. 

Many surnames of English people are the 
result of the name of a foreign ancestor being 
crudely spelt in English. During the i6th and 
17th centuries a great many Protestants came 
to England as religious refugees from Germany, 
the Netherlands, France, and elsewhere. Theif 
names were often written in the church register 
of the parish in which they, settled by parisli 
clerks who wrote down the ^preign names as best 
they could. 

3. Foreign Names. The customs of other 
races in giving names differ widely. Russians, 
for instance, are given only one Christian name 
at baptism, and this used to be usually the name 
of their patron-saint. In all formal speech people 
arc addressed, not by their surname, but by 
their Christian name followed by a patronymic, 
that is, a name derived from their father's name; 
Ivan (John) son of Peter, is called Ivan Petrovii h, 
and Mary', daughter of Ivan, is addressed as 
Maria Ivanovna. In familiar speeeli, howevei, 
with relatives or clexse friends, and always with 
children, the Christian name only is used, usuall) 
in a shortened form: Ivan will be known as 
Vanya, and Maria as Masha. Many Russian 
jiamcs w'hich berame popular through tlie Rus- 
sian novel and Russian art are shortened names 
of this kind (Natasha for Natalia, Tanya loi 
Tatyana, Sasha for Alexander). Besides these 
forms, which suggest only a degree of familiarity 
between the speaker and the person spoken to, 
other forms of shortened names are used to 
express a particular emotional altitude, eithci 
affectionate or angry. Thus in a quarrel Ivan 
and Maria will be called Vanka and Mashk.i, 
but if the speakers wish to show affection they 
will say Vanechka or Vanymsha and Mashenka 
or Marusya. 

The patronymic is used without the Christian 
name to express affectionate and deferential 
familiarity towards a respected person. In tin 
past, old and esteemed servants were called by 
their patronymic names. 

To take another example, American-Indiai 
naming customs differ not only from ours, bu^ 
also even between one tribe and another. Amoni 
the Navaho of Arizona a child is often knowi 
simply as so«and-so’s son until he is old enougl 
to be given a name that suits his <rharacter. Th 
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buffalo-hunting Indians of the Plains, on the 
other hand, will invite a grandfather or an 
important man of the tribe to choose a name 
lor a new-born baby which might commemorate 
a bfave d*ced of his own, such as ‘S trikes- the- 
eiiemy’s-horse’. Girls as well as boys are given 
these ‘wdr’ names, though they may also be 
( ailed something more feminine, such as Little 
bird. Their names are made uj) of woids in 
everyday use, so that the literal meaning is cleai , 
even though everyone may not know the story 
liehind it. 

The majority o*f modern American Indians 
have adopted Christian names and surnames like 
those of their while neighbours, though su( h 
combinations of Robert Ycllowtail, Jesse Corn- 
plantcr, or Mary Strikes-on-both-sicles recall the 
old ways. Many of those who still speak their 
own languages as well as English have purely 
native names as well for use among themselves. 
One prominent rineteenth-century Indian, chief 
of the tribe of Nez Perces, was known by his 
English name of Joseph — a name easy to say, 
but lac king the full dignity of his native name, 
Thu ndei - coming - up - ti oin - the - water - ov ci - the - 
land. 

See also Place Nami s. 

See also Vt)l I : Ami rican Indians. 

NAUTICAL ALMANAC, see Nwigaiion, 
IhsioKY of; Navigaiion, Marinf. 

NAVIGATION, IHSTORY OF. The tradi- 
tional meaning of ‘na\ igator’ was simply ‘sailo’ 
lo-day the term has a limited meaning; a 
navigator is one who, by scientific calculation, 
can tell the exact positicjii of a ship or aiicialt 
during a journey, and therefore the course it 
should follow to reach its destination. This 
ailicle dccds with navigation in this special sense. 

The earliest navigators kept wathin sight of 
land, and depended on recognized landmarks. 

J hen the navigators grew bolder and riske ' 
losing sight of land for short periods, perhaps to 
Cl OSS a wide bay, or to sail from island to island. 

As soon as he lost sight of land, the seaman 
- ‘cded something to show him in which direc- 
tion to steer. For short journeys of a day or so, 
the more regular winds gave a fairly reliable' 
nidication of direction, ana in the Mediterranean 
the earliest names for directions, that would now 
be described by a compass bearing, were the 
names given to the various winds. The sun and 
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stars were also used from the earliest times? 
Astronomy (q.v. Vol. Ill) was well developed 
in the early Mediterranean civilizations; and 
the seamen had learnt from astronomers, or had 
found out for themselves, that the Pole Star 
remained in approximately the same position in 
the heavens througliout every night. But the 
astronomer’s astrolabe, \v liicli was used on sliorc 
to measure the angle of stars {see Vol. Ill, p. 23), 
was oPlittle u.se in a rocking boat; and so seamen 
could not learn their position from the stars with 
much accuracy. 

The Phoenicians (q.v. Vol. I) were the most 
adventurous of the early Mediterranean seamen. 
With the help of the Pole Star and the European 
coasl-line, they sailed as far as Britain; while 
sailors from their principal colony, Carthage, 
went south as far as the Gulf of Guinea in west 
Africa. The Egyptians used similar methods to 
navigate down the Red Sea and south along the 
coast of Africa; while Greeks and other eastern 
Mediterranean seamen even reached India. Li 
the Indian Ocean the trade Wind (q.v. X^ol. Ill) 
blew steadily in one direction for half the year 
and in the opposite w'ay for the other half. Per- 
haps the greatest early navigational feats were 
those of the Norsemen in the 9th and loth cen- 
turies. Although lacking the Med’terranean 
seamen's bac kground of astronomical knowledge, 
they used the sun and the Pole Star to sail to 
Britain, t- ^'recnland, and even to America {see 
EXPI.ORAI. '). 

After the fall of the Roman Empire, the 
Arabs (o.v. Vol. I) led as navigators. They were 
good astionomcrs — indeed many stars to-day 
ocar Aral) names. By about a.d. 1200 the Com- 
pass and Charts (qq.v.) w^ere in use in the 
Mediterranean, and soon after, the compass 
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*necdle had a card attached to it, marked with 
1 6 points, the basis of the modern compass card. 
The charts were drawn upon sheepskins, and 
were used with books of sailing instruction. 
These had grown from the Port Books of the 
Greeks. They ga\'e courses on which to steer, 
and information abfeut ports, and were the fore- 
runners of the modern pilotage books. 

The next step was the measurement of the 
altitude of the Pole Star, in order to determine 
latitude. Sailors must have observed for cen- 
turies that as they went south th^ star dipped 
towaids the horizon; and by the time of the 
great Portuguese explorations of the i th cen- 
tury the cross-staff, the ancestor of the modern 
sextant, was in general use. This w’as a jointed 
stick with a sliding crosspiece, which measured 
the angle of the Pole Star with the horizon, thus 
indicating the latitude of a ship {see Figure; see 
Navigation, Marint). 

The ability to find latitude w^as a great ad- 
vance* longitude, how'ever, was to defy exact 
calculation for several bundled yeais. Vet by 
the iGlh century, wdien sailors were crossing 
great oceans and remaining for w'eeks out of 
sight of land, navigation was becoming a science, 
needing charts, instiuments, and books of star 
measurements. S»hips at that time used a Log 
( q V.) to inensute th^ii sp<‘ed, and a ‘Ic«ad’, a 


weight on a cord, for sounding the depth ot watei 
near an unknown shore or in darkness or fog 
The method used for navigating across an ocean 
such as the Atlantic, was to aim in the genera 
direction of the port of destination, and whei 
the latitude of the port was reached, to turn an» ' 
sail along the parallel of latitude until land wa 
.sighted. With the crude instruments in use a 
sea, the latitude could be known only roughb 
and a certain amount of sailing up and dowm th 
coast was generally necessary at the other side 
Using such methods, the Portuguese and 
Spanish became skilled navigators and were abl( 
to voyage successfully farther than man had 
sailed before. One further development was 
necessary before they could make their gieatcsi 
voyages. When they sailed south, the Pole Stai 
gradually dipped towaids the horizon andliiialb 
vanished from view' as they crossed the equatoi, 
and so the latitude could not be rneasuicd 
The astronomers knew' tliat liititude could l)c 
found b> measuring the height of the sun at 
noon - -W'hen it was at its highest point. 'Jlii^ 
gave the navigator a mathematical piobleni to 
solve, for the altitude of the sun is not as dii( ( tl 
connected with the latitude as is that of the Pole 
Star. Tables had to be picpaied, and lules ka 
using them written out in woids that seamen 
could understand. 

I'he iMiglish seaman 
was accusioined to 
making shoi ter ' voy- 
ages, and at this time 
used littfc moie thnn 
the compass and lead 
for soundings. When 
Drake sailed round 
the world, he had to 
kidnap a PortugucM 
pilot to take him inif> 
the Pacific, then .i 
Spaniard onv\ ai d fi oin 
there. But in the ycai 
that followed, the w«n 
with Spain and tin 
growing trade with tin 
new American colonn 
and other distan t plac« 
forced the English tf 
learn more of navig 
tion. Soon they b 
came as skilful < 
their teachers, i'y 
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astronomer, complained that measurement was 
hindered by tlie inaccurate charting of the moon 
and stars, Charles founded the Greenwich 
Observatory and made Flamsteed the first 
Astronomer-Royal. The regular observations 
which Flamsteed inaugurated have been con- 
tinued ever since, and form the basis of the 
tables in the Nautical Almanac ^ first published in 
1767. These tables give the changing positions 
throughout each year of the sun, moon, stars, 
and planets. King Charles . IT also offered 
rewards to anyone who could find tlic longitude 
at sea, and in 1713 a Bill was passed by Parlia- 
ment offering rewards of ;(^io,ooo to £20,000. 
Longitude, which is the distance west or east of 
the meridian at Greenwich, is equivalent to the 
difference in time between local time and Green- 
wich Time (q.v. Vol. III). In the i8th century 
no clock had been produced which could keep 
time, despite the rolling of a ship, the dampness 
of the air, and the changes of temperature, so 
accurately that the precise longitude could be 
found after many weeks had been spent at sea. 
John Harrison, a Yorkshiie clockmakcr, worked 
on this problem for some 30 years before pro- 
ducing in 1735 his first Chronometer (q.v.) or 
ship’s clock. His fourth chronometer, completed 
in 1 759, was entered for the G^Iivcrnment award 
and successfully tested on a voyage to Jamaica. 
Harrison had to fight for his reward, and it was 
some ycaid ’ *fore he received it. 

In 1731 J n Hadley made the first Sextan i 
(q v.), though the idea had been thought of 
earlier, "^he sextant is still used to measure the 
altitude of sun or stars. Before Hadley’s inven- 
tion, measurement was made with a plumb-line, 
or by trying to look at the same time at the sun 
and at die horizon— neither method being satis- 
factory. Ihc sextant, by enabling latitude to be 
found with gieat accuracy, laid the foundations 
ol modern stcllai (star) navigation. Methods of 
calculation have now changed, and wireless 
time-signals have i educed the importance of the 
chronometer; but the basis remains the same. 


Globes wtic used lor naMfeaiioii dl lliis pciiod See also Exploration, Sea 1 ravel. 


in the next cenluiy or t%\o were to lead the 

England’s first great con* ibution to naviga- 
tion was the founding by Charles II in ib7^ of 
die Royal Observato.^y at Greenwich. Sailors 
h the need for a wav of measuring longitude 
f 5 ea. W hen John Flamsteed, a well-known 
4852.4 Is 


NAVIGATION, AIR. Aeroplanes are navigated 
first by careful planning before the flight, and 
tiien by an attempt to keep to the course planned 
throughout the journey. The direction and speed 
of the wind is the main factor to be considered. 
Ihe cITict of the wind on the ah craft’s course 
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PIO. I. WIND VELOCITY 
TRIANGLE 

This is a diagram to show how 
an aircraft flying 150 m.p.h. 
overcomes a wind to the NE. 
blowing 40 m.p.h. and keeps 
a straight course. The ait- 
craft is to fly North from A in 
the direction of B. Using a 
scale, J in. ■* 10 m.p.h., we 
draw a line NE from A, and 
mark off 1 in. (40 miles) which 
fixes the point D. We draw a 
circle centrc<J on D with a 
radius representing the speed 
of the aircraft — in (150 
miles). The circle ^uts the 
dotted line at C, and a line 
drawn from D to C shows the 
direction the pilot should steer 
(NNW) to keep a stiaight 
course N. A to C measures 
the miles flown per hour if 
conditions do not change. 


has to be calculated. As a boat or a swimmer 
crossing a river sometimes has to head not in the 
direction of his objective, but into the current, 
so low-flying aircraft in a cross-wind sometimes 
appear to be ‘flying sideways’. An aeroplane is 
literally carried by the air, and as the air mass 
in which it is travelling is nearly always moving, 
the aircraft must tend to move with it, whatevei 
its course (Fig. i). 

I. Planning. The navigator, having arrived 
at figures for the wind’s speed and direction, 
decides on the angle at which he must ‘aim off’ 
his machine from the straight line between the 
airports. Maps and charts of the route are 
essential. An air map presents an accurate pic- 
ture of the ground below, illustrating in various 
colours all conspicuous geographical features 
which the navigator can identify, and so tell his 
position. An air chart, drawn to a much smaller 
scale and without the elaborate detail of the 
map, is designed simply to enable the navigator 
to plot his position during the journey. The 
chart is concerned not with landmarks, but with 
latitude and longitude, and on it the pilot plots 
all checks of position. On arrival at the destina- 
tion the chart, with the navigator’s notes or 
‘log’, gives a complete stoiy of the journey. 

Before the flight the navigiitor, having col- 
lected his maps and charts, goes to the meteoro- 
logical briefing office of the airport, where he 
is informed of weather conditions. The winds 
which affect him are those at a high altitude, 
where there is a steady, massive movement of 


ago 

air, not the gusty, changeable type of wind which 
we know on the earth’s surface. The navigator 
then passes to the ‘Flight Planning Room’ where 
he draws his track with protractor, ruler, and 
dividers on his chart. A large patch of bad 
weather may be forecast right ‘on track’, and»'if 
this extends to a great height, making flying over 
it impossible, he may have to make a detour, 
dividing the journey into two ‘legs’ to take the 
aircraft round the bad weather. If the aircraft, 
for this or other reasons, has to make a longer 
journey than was scheduled, ,it will have to in- 
crease the speed of travel to get to the destination 
on time. This arrival time, or E.T.A. (Estimated 
Time of Arrival), is important to a navigator 
He will always strive to reach home within a 
minute or so of his stated E.T.A.,for his passengers 
may have other connexions to catch there. 

2. During Flight. Once in flight, the navi- 
gator’s task is continually to ‘fix’ his position by 
observations. He can do this in many ways - 
by observing ground objects with the help of a 
map, by measuring the position of sun or stars 
with a Sextant (q.v.), or by radio and radar 
navigation aids. The first two methods, ol 
course, depend on either the ground or the 
heavens being visible, and in fact most ‘position 
fixing’ is now done by radio or radar aids. 

One radio method is just a straightforward 
'conversation on a radio-telephone between a 
ground controller and the pilot in the sky. 
Another is the sending of messages by Morse 
Code as in Telegraphy (qq.v.) A third con- 
sists in continuously transmitting a certain signal 
(just as a lighthouse might flash a beam every 
10 seconds), the listening pilot being guided by 
the nature of the signal. 

Normal telephone speech between the ground 
and the aircraft is transmitted from a very high 
frequency (V.H.F.) wireless set, but is limited 
to a range of roughly 50 miles. Morse code is 
transmitted by medium frequency (M.F.) and 
high frequency (11. F.) sets, which have a rarig<^* 
of some 200 miles. All normal routine position 
reporting, as well as weather reporting, is dont 
on these frequencies. At many places a direction 
finding service is available. At least three diffci 
ent stations take simultaneous bearings of ^ 
signal transmitted from the aircraft. A centra 
station then plots these, and reports the aircraft 
position to the pilot within a few seconds. 

One of tiic continuous signal methods is ‘Cqi 
sol’. Its signals, which can be pveked up by'* 



aircraft with only an ordinary radio receiver 
are transmitted from a Consol station on the 
trround in all directions, in a series of dots and 
dashes in different combinations. The propor- 
tion* of the dots and dashes varies with the air- 
craft’s bearing (north, south, east, or west of the 
station). The pilot counts the dots and dashes 
and refers them to various position lines printed 
on a special chart. He can get a good ‘fix’ by 
tuning in simultaneously to two Consol stations 
and seeing where the two position lines meet on 
his chart. 

Another radio riayigational aid is the radio 
compass, an appliance in an aircraft which, if 
tuned in to a radio beacon on the ground, auto- 
iiicitically indicates the aircraft’s bearing from 
the beacon. The pilot can fly direct towards the 
beacon, or take bearings of different beacons and 
plot them on his chart. If beacons are con- 
veniently located, he may be able to make his 
whole flight b> towards one beacon after 

another with the aid only ol his radio compass. 
The Radio Range, a long-range navigational aid 
developed and much used in the U.S.A., is some- 
what like a beacon, but it transmits the letters 
A ( — ) and N ( — •) ir Morse code simultaneous!) 
m difi'erent directions. If the pilot is flying 
directly on his proper couise, he will be midway 
between the paths of the two signals, — and 
- •; their sounds wull overlap so that he will 
hear only a continuous note. If he deviates to 
the right or left, he will hear one or other of the 
Morse signals, and so will know that he is off 
his course. 

Radar (q.v. Vol. VIII), unlike radio, is not 
used mainly to transmit information, but to 
collect it. A radar set issues wiielcss impulses 
and measures the ‘echo’ when this bounces back 
after the impulses have stiuck an object. Radar 
methods are constantly bein<T improved in detail, 
and old methods discarded. Some methods of 
navigation employ both radar and radio at the 
same time. 
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THE WIRELESS AERIAL ON TOP OF 1 HF CONTROL TOWER, 
NORTHOLT AIRPORT, LONDON 


stations S( i out ladar impulses, which are 
picked up a radar set in the aerojilane and 
measured ofi by the ladio oflirer as figuies, 
which correspond to curved lines on special 
V harts. The aiici aft’s position is the point at 
which the lines meet. I'he LI S.A. have developed 
an aid similar to Gee, but suitable for long-range 
woi k o\ ei tl.e Pacific and Noi th Atlantic Oceans, 
called ‘Loian’ (LOngRAnge Navigation), which 
uses longer radio waves with radar instru- 
ments 

When the na* '^ator has obtained his ‘position 


An extremely accurate and swift method c. 
position-fixing by radar is called ‘Gee’, an aid 
developed by the British in the Second Woild 
'Var to guide bombers to their taigets, and now 
widely used in Europe. Unlike other aids, Gee 
is unaffected by weather, height, day and night, 
or atmospheric changes, i he system requires a 
number of transmitting stations at various places 
on the ground, one ‘master’ station controlling 
the^transmission of all the ‘slave* stations. These 


fixes’, these either confirm or confound hiseailier 
judgement of the wind’s speed and course, and 
tell liim whether or not he must alter his course. 
A pilo. or navigator, however, cannot choose 
any course he pleases, as his is not the only air- 
ciaft in the sky; in most countries certain definite 
pathw ays or ‘corridors’ must be used by all air- 
craft to avoid accidents. In flying from. one 
airport to another, aircraft must obey the Rule 
OF THE Road (q.v. section 3). Before the pilot 
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gets to the end of his journey, he must make 
contact with the airport, so that he can be told 
how to avoid other aircraft, and w'hen and how 
to land. Modern air speeds are so great that 
this contact is sometimes made w^hen the aircraft 
is still more than loo miles from the airport. 
Some of the radar and radio devices, therefore, 
can be used both for the main part of a flight 
and for the actual landing. 

3. Landing. The final approach is always 
made along a selected safe path to the airfield 
clear of buildings or hills {see Airport). Where 
local obstacles, such as mountains, make landhig 
difficult, the only safe path may be a spiral one 
from a point directly above the airfield itself. 
Before an airline starts a new' service, a ‘proving’ 
flight is made, in which senior technicians make 
experimental approaches to each airfield to dis- 
cover the best landing method to be used on all 
flights. This method, known as the ‘let-down’, 
must be studied and practised by each pilot. 

Aircraft carry a flight guide or route book, 
containing scale diagrams of all ‘let-down’ 
methods likely to be needed. The book gives 


position and frequencies of all landing aids, air 
traffic rules, times of weather broadcast^, and 
other information. 

The action of landing involvcsr steering into 
the wind towards the airfield, lining up the aii- 
craft with the runw'ay, losing height and speed 
at the correct rate, throttling back the engines 
at the right moment, and touching-dow'n on the 
runway with the minimum speed and bump. 
The pilot is helped by many dials and meters 
which tell him speed, height, rate of descent, and 
engine revolutions {see Flying Instruments) 
Even in clear weather this is a task whicl 
occupies the full attention of the pilot and calh 
for all his skill and experience, especially if he is 
piloting a plane-load of passengers. 

The achievement is even more difficult in ba I 
visibility. The pilot must descend ‘blind’, po 
sibly through thousands of feet of cloud, ui.t ' 
he reaches the cloud-base, which may be, 
haps, only a few feet above ground-level ; and ' 
must then level out and make his approai 
When he breaks cloud, the airfield may > 
be obscured by mist or heavy, rain. By tcii 



work between pilot, radio officer, and ground signal k j NAVIGATION, AIR 
operators, based on intensive training such a '‘“"way and beyond' 

landing is now a safe process, carried out daily rnnf merely to follow the 

all over th^ world. The help of radio and S thTZ°''r 

is essential; and no aircraft is licensed to carry ° * runway. On the ground, below 

passengers or goods which is not equipped with 

efficient signalling apparatus. ^ ,Tp 

An important radar and radio device is ' — * ' ^ ^ 

Ground Controlled Approach (G.C.A.). The mb' r___ \ . 1 / 

only equipment required in the aircraft is a "“''WAr m - -- - - loj. 


V.H.F. radio set, by which the pilot can carry 
on normal conversation with the ground con- 
troller. When the approaching aircraft is 30 miles 
away, the controller begins to watch its move- 


r...****'* (standard beam Ai-l’KOAGIl) I.ET-DOW'N 

1 he main beacon (M.B.) sendsouta horizontal beam alom? 
which the pilot tiics, and the inner and outer markeis, I M. 
and O.M., send vertnal brains to pivc the lateral position. 
No signals are heard in the ‘cone of silence’ G 


merits on his radar screen. At a distance of 
about 10 miles he begins his ‘talk-you-down’ 
instructions to the pilot. His radar set is adjusted 
so accurately that he can be sure of the aircraft’s 
exact position, and can with absolute confidence 
direct the piloi right on to the end of the runway, 
even in the d.I ^ fog. This method Ls the 
basis of more powerful equipment at very large 
airports. London Airport’s apparatus, for in- 
stance, can see a high-flying four-engined air- 
craft 130 miles away 

A radio device, known as Standard Beam 
Approach (aS.B.aA.), working on the same prin- 
ciple as Radio Range, is a method used for 
‘homing’ an aircraft when it is near its airport. 
A main beacon is sited at the up-wirid end of the 
runw ay in use, transmitting Morse signals. 'Lhesc 


the path of the beam, inner and outer radio 
markers’ are situated, and transmit a high- 
pitched note in a very narrow vertical ‘beam’. 
As the aircraft passes across the beam, the sud- 
den note of the marker indicates to the pilot hii 
distance from the end of the runway (see Fig. 2). 
A more elaborate version of S.B.A. is the Instru- 
ment Landing System (I.L.S.), which shows on 
dials the angle at which the aircraft must fly 
downwards. Thus the pilot can approach the 
runway while flying completely ‘blind’. 

Another ‘homing’ device is the Rebecca and 
Eureka radar system. The ‘Rebecca’ unit in the 
aircraft transmits radar impulses towards the 
‘Eureka’ responder beacon at the destination. 
The Eureka responder beacon continuously 
reflects b'*' e these impulse.s to the aircraft, where 
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they appear on the screen of the radar set. To 
maintain an accurate course towards the Eureka 
beacon, the signals must be kepjt in the centre of 
the screen. A graduated scale on the screen tells 
the navigator his distance from the beacon. 

In spite of radar and radio aids, aircraft arc 
not allowed to attempt a landing if visibility 
is too bad. The pilot must be allowed at least 
some seconds in which he can sec the runway 
before he attempts to touch down. If nothing 
at all is visible, aircraft are diverted by signal to 
another airfield free from fog or cloud. Aircraft 
always carry plenty of fuel for such an occasion. 

See also Rule of thf Road, Section 3, Wik less. 

Sec also Vol. VIII: Radar. 

NAVIGATION, MARINE. Two basic forms 
of ship navigation are used to-day, coastal and 
deep-sea. 

I. Coastal Navigation, or pilotage, is the 
art of directing a ship’s course when within sight 
of land. The navigator discovers where the ship 
is, and so the course to steer, by direct observa- 
tion of the land, by noting the position of naviga- 
tional marks such as lighthouses and buoys, and 
by taking soundings of the depth of the sea. To 
interpret the information obtained from these, 
he uses Charts (q.v.), which show not only the 
contours of the land, and the position of all 
prominent objects (hills, buildings, and even 
conspicuous trees) and of all navigational maiks, 
but also the depth of water and nature of the 
bottom. 

The navigator having identified recognizable 
objects ashore on the chart, then, by means of 
the Compass (q.v.), notes the position of his ship 
relative to those objects. For example, he ob- 
serves a liill beaiing noith-cast from him and a 
church spire bearing north-w'est, and so knows 
that the ship must lie on lines running south- 
west from the hill and south-east from the spire. 
He draws these lines on the chart, and the point 
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at which they cross is the ship’s position. This 
process is called ‘obtaining a fix by cross- 
bearings’ (Fig. i). 

Where suitable objects for cross-b«aring§ arc 
not available, methods using one object are pos- 
sible. A single bearing can be taken of cfhe 
object, together with a sounding; or twoseparaif 
bearings of the same object can be taken, the 



PIG. 2. OBTAINING A RUNNINt; FIX 

The ship is travelling East at 10 knots. In ^ houi it will 
hti\c travelled 5 miles 


ship having moved along her couise between 
the first and second — a method known as n 
‘running fix’. The hrst bearing is drawn on the 
chart and then, when the second beaiing is taken, 
the first is transferred on the chart at a distance 
corresponding to the distance the ship has 
travelled in the interval. The beaiings thus cross 
each other and give the ship’s position at the 
time of the second hearing (Fig. 2). Other 
methods with the help of Radar and optical 
Rangl-Findlrs (qq.v. Vol. VI II), are also used 

Having fixed the position of the ship, the 
navigator then ‘rules’ (draws with a rulci) the 
couise that he wishes to follow' on the chait, and 
notes the compass-bearing on which the ship’s 
head must be kept. In determining the (ouis( 
to steer, he must take account of the tidal streams, 
w'hich usually flow more rapidly close irishort 
than out at sea. Information about these, show- 
ing whcic they flow across the course, is printefl 
on the chart. 

At night, when the land cannot be seen, th< 
coastal navigator relies mainly on the lights (/ 
Lighthouses and Buoys (qq.v.) identifying cai ' 
light by its characteristic flashes or colour. H 
may also have the advantage of radar to gi\ 
him ranges and bearings of the land itself, an 
soundings will help him to keep in deep wat( 

When all other methods fail, as may happt 
in fog if radar apparatus is not fitted, tl 
navigator must rely on ‘dead reckoning’, w^i 
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is an estimate of his position based on the course 
and distance he has sailed since his last known 
position, with an allowance made for tidal 
stream and for ‘leeway’ if he has met strong 
winds. 

Where .navigation is particularly dangerous, 
or requires local knowledge, ships take on board 
a Pilot (q.v.) with special local knowledge to 
navigate throiigli the dangerous area. Pilots are 
aVailable at all the principal ports in the world, 
and at many ports must be employed. 

2. Dekp-Ska Navigation, or astro-naviga- 
tion, is the art of directing the ship’s course out 
oi' sight of land, when the navigator must rely 
on observations of celestial bodies for obtaining 
a Mix’. Once he knows his position he plots it on 
the chart, and then deeides what course to steer. 
Where great distances are involved the curva- 
ture of the earth must be taken into account, and 
a course shaped so as to follow the ‘great circle’. 
The navigator clr^^w^ an imaginary line niund 
the earth, passing through the sliip's starting- 
point and d(‘stination. So long as tlie diameters 
f)rthis c ii( le pass tlirough the centre of the earth 
it will show the shoiicst way Ix'twecn the two 
points (ue Pig. []). In coastal navigation, the 
short dislcinces iiuolved make this caUnLition 
unnec essar > , and the na\igator can treat the 
earth’s suilhce as if it w('re Hat. 


N 



Fro. 3, ORKAT C.TRGLE AND Pr.ANE S.Ml INO 

The diagram represents the cart*. »vith the Poles at N and 
S. Great Circle lines arc NWS, NCAS, NOBS, NES (lines 
of longitude), WABE (the cqualoi), and FCDG. Owing 
to the earth’s curvature the shortest distances between AG, 
GLX DB, and AB lie along Great Circles and not along 
' straight linv joining the points on a chart 


The deep-sea navigator needs cross-bearings’ 
just as much as the coastal sailor, but he cannot 
get them by takipg the bearings of olrjccts to be 
seen on the coast. He has to choose two points 
on the surface of the earth (or sea), each of which 
happens to have a star directly above it at the 
irrccisc moment of observafton. These points, 
even if diey are 50 or 100 or 500 miles away from 
him, will enable him to fix his own position. 

'J'he two stars are first located in an imaginary 
"celestial sphere’ {see diagram, p. 27, Vol. III). 
Ihc sky is thought of as a vast globe surrounding 
the earth; on the inner surface of that globe, 
which is dotted wdth stars, are imaginary mark- 
ings representing the latitude, longitude, equator, 
and i)oles, and corresponding exactly with the 
same markings on maps and globes of the earth. 
Directly above the earth’s North Pole is the 
North Pole of the sky : on the same plane as the 
earth’s Equator is the Equator of the sky. I’hus 
every star in the sky has a latitude and longitude 
in the celestial sphere, just as any town on the 
earth has a latitude and longitude on maps. 

When an imaginary straight line is drawn 
from the centre of the earth to a star, the point 
at which that line pi(*recs the earth’s .surface at 
any given moment is known as the star’s ‘geo- 
giaj)hieal pt)sition’. If that poshion on the earth 
is latitude North 64"" 4', and longitude West 
13° 2;', then the position of the star in the 
celestial re at the same moment is exactly 
the same. ^ tradition, tire latitude of a star is 
called its ‘declination’, and its longitude is called 
its ‘riglit iscension’; mariners have to turn the 
degrees of longitude into clock hours in order to 
calculate their distance cast or west of the meri- 
dian of Greenwich when using a Giironomei er 
(^C|.v.}; therefore ‘right ascension’ is always ex- 
pressed in hours and not degrees. 

1 he navigator can look up the ‘geographical 
position’ of any star in the Nautical Almanac, 
a printed book i.' ued once a year, which shows 
the exact po.sition of the sun, moon, planets, and 
principal stars at frequent intervals on every day 
and night of the year. The earth, of course, is 
rotating, and therefore the ‘geographical posi- 
tion’ of an> star is constantly moving round the 
earth; but rotation is related to time, and from 
the chronometer the navigator can find where, 
in its course round the earth, the ‘geographi- 
cal position’ lies at the moment of observation. 

1 hr one important measurement which the 
navigator must make, and for w'hich accuracy 
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is important, is that of 
the altitude of each of 
the two stars. I’his is 
expressed with refer- 
ence to the horizon 
(any point on a level 
with the eyes), and the 
zenith (the point 
directly overhead). 
Let us suppose the 
navipjator is to plot 
two Stans, A and 
which are nearly, but 
not quite, o\ erhead. 
For this he uses a Sex- 
tant (q.v.), a simple 
optical instrument 
which registers the 
exact angle of a star’s 
altitude. The naviga- 
tor notes that star A 
is I degree and star B 
3 degrees oft' the zenith point overhead. 
Immediately the navigator knows the distance 
of his ship from the ‘geographical position" of each 
of those two stars on the earth’s surface. The 
angle measured on the ship’s deck between the 
zenith and the «tar is the same as an angle 
measured at the centre of the earth between the 
ship and the ‘geographical position’ of a star (see 
Fig. 4). The navigator knows that i degree of the 
arc at the earth’s centre equals 60 .sea-miles on 
the surface. Therefore he is 60 miles aw^ay from the 
geographical position of star A, and 180 miles 
away from that of star B. (These arc known as 
‘zenith distances’.) 


O* Lj Lhjf 

Fid. 4 . ITNDINC; THE 7LNITH 
DISI ANCF 

Hfcausf lines of lii^ht from a 
star irifimif ly far awav ran 
he regal tied as parallel, the 
angles x® aie equal 
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TIG. 5 PIOTTIVG A ship’s POSITION ON THE CHAKT 


The navigator then looks up in his Nautical 
Almanac the position in the celestial sphere oi 
each of the two stars at the exact second at which 
he made his observations. He then ngiarks these 
positions, expressed in the latitude and longitudr 
of ‘geographical positions’ on his chart, calling* 
them point A and point B, He then draws witli 
his compasses a circle of 60-milc radius rounci 
point A and a circle of 180-mile radius round 
point B, The spot at w^hich the circular lino> 
cut one another on his chart rcprc.sents the posi- 
tion of his ship (see Fig. 5).^ (If he has drawn 
tw'’o complete circles, they^ will, of course, cut 
one another at two points, but it will be c Icai 
which point is likely to be the correct one.) 

Where, as frequently happens, the /enitli 
distance is very large (often 2,000 miles or inoiej, 
plotting on one chart by direct mea.sureincnl is 
impossible. Instead, the navigator calculates tlu* 
distance from points A and B, and then drtiw s on 
the chart lines resulting from his calculations. 
These lines, known as ‘position lines’, actualK 
correspond to a short section of a very laigi 
circle, but as it is so large, the curve is ignorcr^ 
and the line drawn straight. By crossing 1\m 
such lines, the ship’s position is fixed. 

At night, stars, planets, or the moon arc used 
for various observ^ations, depending on how 
cloudy the sky is. The moon is so near the eaith 
that the simj)le formula described here is not 
accurate enough, and special calcul.ilions inusi 
be made. In the day-time the sun, il il is visible, 
is ‘shot’ with the sextant. 

When the observed body is on the ship's 
meridian (that is, in the plane running noitli 
and .south through the ship’s position), the lati- 
tude can be found without any plotting on tin 
(hart, and without even kiK)v\ing the lime 
Navigation, History of). The sun is in thu 
position at noon (local time), and in a ship at se.i 
a sun ‘sight’ is normally taken at noon each da\ 
If no chronometer were available, the sight c ouK' 
still be taken by observing the higlu'st posiliiw 
which the sun reaches. Knowing the latitnd' 
accurately, the longitude may then also be ibuiu^ 
by calculation only, without plotting. For tin 
how'cvcr, the Greenwich time must be known 

Astro-navigation is a big subject, and such a 
accoun* as this can include only the bare ptit 
riplcs; ♦here are other methods not describ* 
here of fixing a ship’s position. 

3. Radio Navigation. Developments in eh* 
tronics during the Second World War provi^ 
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the sailor with new methods of finding his way 
across the ocean, which are of the greatest value 
when the sun or stars are hidden by cloud. 
Groups of Jtransmitting-stations in various coun- 
tries send out radio waves at intervals, so that 
sh^s fitted with a special receiver can calculate 
their position. The basic principle is that two 
shore stations send out waves at the same time; 
although these waves travel at 186,000 miles a 
second, which is the speed of light, the sensitive 
receiver can measure, in millionths of a second, 
how much longer the waves have taken to travel 
from the station whi^h is farther off. There are 
several systems; ‘Loran’ (Long Range Naviga- 
tion) is widely used for great distances in mid- 
ocean; nearer shore a complicated system known 
as ‘Dccca’, and worked from chains of ‘Decca’ 
stations, is used in some places on the British coast. 

Ships still use also the ‘direction-finder’ based 
on an ’older principle: this shows the direction 
fiom which .my I M dinary wheless message has 
come. Thus two ships at sea can calculate the 
position off an unknown ship which has sent out 
a wireless distress signal. 

Radar (cpv. Vol. VIII) is mainly used close 
to shore or in busy shi[)ping cliannels, to replace 
the navigator’s eyesight, and so avoid collision 
in darkness or fog. This device gives a moving 
diagram, on an illuminated screen, ofany objects 
near the ship which can reflect radar waves, such 
as cliffs, other ships, and large buoys (see Pig. 

It is possible to enter or leave a foggy port by 
radar aid, bm the practice has limitations, fiaiti- 
cularly wheri large ships need tugs to help lh» m 
to dock. More details of radio and i adar na\ iga- 
tional aids arc given in the article Navtoai ion, 
.^IR, for the principle is the same both for ships 
and aeroplanes. 

Although the Captain of a ship is ultimately 
responsible for navigation, * navigating ofliecr 
does most of the plotting, takes charge of the 
ship’s charts, keeps them up to date in accord- 
ance with ‘Notices to Mariners’ issued weekl 
and maintains such equipment as chronometers 
and echo-sounding equipment. Every deck offi- 
cer in a ship is trained to take over navigation 
should the need arise. 

See also NAVir»ATioN, History of; Maps. 

See also Vol. VIII; Radar. 

NEWS AGENCY. This is an organization 
which sells new's to newspapers. Small news 
ag(;ncics arc one-man businesses, in which an 


energetic Journalist (q.v.) collects information* 
in a definite part of a town or county, or about 
a definite subject. His customers find it cheaper 
to buy news from him than to employ a member 
of their own staff to collect the information. In 
many countries, however, newspapers are served 
by one or two vast organizations which supply 
most of the regular news, leaving it to the papers 
themselves to seek for exceptional news. 

In Britain this task is carried out by the Press 
Association, an organization. which makes no 
profits and w'hich is co-operatively owned by the 
provincial new^spapers. The Association has a 
staff of 1 30 journalists, with an cditor-iri-chief, 
assistant editors, sub-editors, Parliamentary, law- 
court, and rac ing staffs, reporters, correspondents, 
and specialist ^\ritc^s, as well as some 1,500 
local correspondents in all parts of the country, 
fhe Association’s news is sent by teleprinlei 
machines to more than 120 British newspapers 
and to the B.B.G. The new's columns of a new\s- 
papci could be produced entirely w^ilh this iKnvs. 
In fact, all the news in some provincial evening 
papers, except for detailed reports of purely local 
events, comes from the Association. 

I'he head ofliccs of the Association in Fleet 
Street, which are never shut night or day, are 
shared with Reuter’s Agency,* an organization 
which deals with oversea new\s. Reuter’s (pro- 
nounc ‘d ‘Royters’), although founded by a 
native ai\ unany, has been for many years a 
British inst* .tion. It is owned in trust on behalf 
of the Britisli and Dominions ])rcss, and works 
very do ^'ly wath the Press A.ssociation. The 
suh-editoi's Reuter's have to be men of wide 
education, well versed in f(rrcigii affairs. Reuter’s 
employs journalists of integrity at key points all 
over the world. It supplies woild news not only 
to British newspapers and the B.B.G. , but to 
every country and ever)' important newspaper 
ill the world. 

Most message; from abroad are received in 
‘cablese’ — that !•>, die fewest possible words are 
a.^ed to convey the meaning, so as to save money. 
For instance, the following nineteen words, 
‘Resignation government overnight postmeeting 
minlstiy handed today cinaudi cxdegasperi 
cjuirinal stop president etpremier conversed two 
hours unregarded indication crisis’, would be 
cM'ittcn out in the following fifty-tw^o words: ‘I'he 
resignation of the ('iovernmrnt last night after a 
meeting of the Gouncil of Ministers was hiftidcd 
today to President Einaudi by Signor de Gasperi 
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at the Quirinal Palace. The President and the of broadcasting, when broadcast statemen 


Prime Minister remained in conversation for 
two hours, but this is not rcgar(Jcd as an indica- 
tion of a crisis.’ 

One other important agency supplies foreign 
news in Britain, the British United Press. This 
is linked with the United Press of America which, 
with the Associated Press of America, plays a 
big part in serving American newspapers. 

See also Newspaper; Reporter. 

See also Vol. VII: Newspaper Industry. 

NEWS BROADCASTING, i. This, now one 
of the most important means of commui.ication, 
is, unlike the printing of news, a craft of very' 
recent origin. It was unknown before the inven- 
tion of the wireless valve, which led to the start 
of broadcasting in the 1920’s (see Wirfless, His- 
tory of). New’s is collected for broadcasting, 
and assembled by editors in a central broad- 
casting station, in much the same w’ay as it is for 
Newspapers fq.v,). Although there are impor- 
tant difl'ercnces in the preparation of spoken and 
printed news, the same reporters, press con- 
ferences, and news agencies often provide news 
for both newspapers and broadcasting. 

But printed and broadcast news reach the 
listener in quite & different way, and the strong 
emotional effect of speech compared wdth print 
calls for special safeguards in broadcasting news. 
When people read a new'spaper, they can ponder 
over the printed w'ords and analyse their mean- 
ing, if they wish to; they can read a statement 
twice over, and discuss its meaning w'ith someone 
else, or compare it with a statement on the same 
subject in another newspaper. None of the.se 
methods of checking can be used for news broad- 
casts. A further difficulty is that the listener, 
because he is interrupted in some w'ay, may hear 
only part of the news. He turns on the wireless 
in the middle of the new^s and hears that ten 
people have been killed; but he may not knwv 
whether this happened in Britain or in China, 
whether in a bus accident or an earthquake. 
Broadcast news has to be read out at a set speed 
which is convenient to the majority of people. 
But in fact some people’s powei of understanding 
works very slowly, and they may grasp only a 
part of what is said by the broadcaster. If they 
are people with little general information, they 
may -easily misunderstand what the broadcaster 
has ^did. Scenes of panic have occurred on 
several occasions in America in the early days 


delivered in a rather sensational way have bee 
only partly heard, or their meaning misundci 
stood — perhaps by immigrants who did.nc* 
understand English well. On one occasion majv 
people in New York left their homes on foott)i 
by motor-car, taking their most precious pos- 
sessions, and hurried into the country, in ordci 
to ‘escape’ from an imagined danger, the news 
of which they believed had been broadcast if) 
them. 

The size of the wireless audience makes it 
important that news should be announced with 
care and strict fairness. In Britain an item ol 
broadcast news may be heard by more than ten 
million people at once, a fact which gives broad- 
casting a form of power possessed much less by 
a newspaper. 

The emotional effect of spoken news is stronger 
than that of printed news. The tones of the 
human voice can give to a statement read out 
at the microphone a variety of interpretation - 
approval, disgust, contempt, anger, or other 
emotions — w^hich the same statement, read ii 
print, would be without. People generally listen 
to the new'S in the evening in their homes, w'hcii 
they are, perhaps, particularly susceptible to 
emotional influences, and what they hear may 
sw'ay them unreasonably. Dictators have made 
use of this tendency; in order to win support, 
they have worked on the fears of their peoples 
by arranging for the regular broadcasting ol 
news which would disturb them. It is well 
known that frightened people will often submit 
to any kind ot leadership which promises them 
protection. Dictatorship Governments, who can- 
not count on the support of their people, 
generally control their broadcasting strictly, 
forbidding the people on pain of severe penal- 
ties, even death, to listen to unauthorized pro- 
grammes. During the Second World War, foi 
example, listeners in Germany or in countries 
occupied by German troops were forbidden to 
tunc in to B.B.C. news. 

2. B.B.C. News. In Britain, broadcast ne\^^ 
is the sole responsibility of the B.B.C., which 1 
allowed to transmit its programmes by virtue < ' 
a licence granted to it by the Postmastcr-Gcner.^' 
(see Broadcasting Corporations). The B.B.C. 1 
obliged, by the terms of this licence, to avoi 
expressing any opinions of its own. The Goven 
ment may order the broadcasting of ar 
announcement, but the B.B.C. ^las the right* 
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'rhe narratoi is in the foreground 


state piil^licly that it is doing so on the instruc- 
tions of the Covernnicnt, and is in no way 
rcsponsifilc for the announcement 'Ihe B B C. 
bioadc'asts the news at set times liorri 7 a 
until just before midnight in its mam pro- 
grammes cvcjry day. As well as the bulletins of 
general news and sports news, a rad. ) new^sicel, 
which is a form of broadcast new^s r lagazme, is 
given daily. When the occasion justifies it, extia 
broadcasts are made of special kinds ol news, 
such as a cricket 'lest Match, or the Lord 
Mayor’s Show. I’hese are accompanied by the 
recordings of B.B.G. comn jntators on tlie spot, 
and sometimes by the actual .sounds of the event, 
as at a Coronation or other great public ccreniori) 
{see Broadcasting Commentaries, Vol. IXL 
The News bulletin is read out by one of the 
news-readers (the more experienced annouru cis), 
who sits at a table before a microphone, rc.iding 
from a set of typewritten sheets which has been 
prepared in a news-room by the editors. The 
editors are a team of ' ofcssional journalists 
permanently employed by the B.B.C. They 
receive hundreds of thousands of words a day, 
which arrive from their own observers or torre- 
spiondents at hgme and abroad by tape-machine, 


Ulrphone, cable, aii mail, wi1"eless, or by mes- 
scngei liom the ollices of one of the newspaper 
press agencies. Ihe editors’ task is to sift the 
main it n of the new s fre m this mass of material, 
and tlien edit the selected material and con- 
dense It to not moie than 2,000 words. This 
length, Ahich is equal to tw^o or three columns 
of space m a newspaper, will occupy nearly 
minutes of time when spoken, 'i’he final 
bulletin is dictated to a typist, so that the editors 
may hear what the new's w'ill sound like; it L 
important that the sentences should be distinct, 
and free from tongue-twisting w’ords, and that 
there should be no possibility of misunderstand- 
ing Next, the ."ems in the news are checked for 
doubtful iefcitiic.es of fact, and for words of 
unusual or difficult pronunciation. Lastly, the 
news-reader himself reads the bulletin and gets 
settled any doubtful questions of phrasing, pro- 
nunciation, or emphasis before he goes to the 
microphone. 

Occasionally news reaches listeners in the form 
of an international *hook-up j if a very important 
event is taking place in France, Italy, America, 
or some other foreigr* country, the B.B.G. may 
aiiange to link up by radio-telephone with the 
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broadcasting organization in that country. In 
that way an American President’s voice may be 
heard in B.B.G. programmes whUe he is actually 
speaking. At the same time a recording of his 
words will be made by the B.B.C.’s recording 
studios in London, and may be broadcast again 
several times that *day, during the B.B.C.’s 
ordinary news bulletins. 

See also Repori'Er. 

NEWSPAPER. Most newspapers provide gene- 
ral news — that is, information about any subject 
likely to be interesting to the general reader. 
But a small class of newspapers, such as a daily 
paper devoted to finance or to sport, or a weekly 
paper devoted to religious news, is a specialist 
publication, intended only for a section of the 
community. 

General newspapers arc either national or 
regional. In a small country like Britain a 
national daily paper can easily be distributed to 
all parts of the country. But in countries of 
enormous area, such as the U.S.A., India, and 
the U.S.S.R., the distribution of a national 
daily paper to all parts would take so long that 
the news would be out of date before it reached 
the reader. There are now fewer than ten 
national papers iit Britain, for the large wealthy 
papers have tended to absorb the poorer ones. 

All general newspapers were roughly classified 
by the Royal Commission on the Press (1949) 
as either ‘quality’ or ‘popular’ newspapers, al- 
though several newspapers can claim to be both. 
Typical of ‘quality’ papers is The Times, which has 
been published in London every week-day since 
the late i8th century. In the mid- 19th century, 
changes in taxation, education, and mechanical 
invention enabled newspapers to lower their 
prices and sell to a larger public. The Times 
decided not to compete with others, but to main- 
tain a higher price and sell a larger and more 
carefully prepared selection of news to a smaller 
number of influential readers. This policy ha,s 
been successfully carried out for 100 years, and 
has since been followed by a few other papers. 
The ‘quality’ papers, recognizing that the press 
is the public’s main link with the world outside 
Britain, have always specialized m foreign news. 
Many popular papers at the beginning of this 
century largely ignored foreign events, but have 
since begun to appreciate their importance. 

Most of the popular morning papers, except 
for two ‘picture papers’, follow a standardized 


pattern. The more important news is printed on 
the front page, and the sporting news on the 
back. In the centre of the paper is a literary or 
‘feature’ page which may contain the leaijing 
article of editorial opinion^ or a signed article 
by a well-known person, a cartoon, book reviews, 
comic strips, personal ‘gossip’, a humorous 
column, fashion news, items for children, and a 
selection of readers’ letters to the editor. Some- 
times these items appear on other pages. 

Nearly every London morning paper prints 
some of its editions in brangh printing works 
in Manchester, from whicl\ copies may be dis- 
tributed more quickly to noi them Britain. Some 
also print in Scotland. 

A big London daily newspaper may employ as 
many as 3,000 men and women, who have to 
work as a carefully organized team. The editor , 
who must be a man of good organizing abilit) 
is responsible for seeing that eadi editonal 
department is working eflicicntly and that the 
proprietor’s policy is being observed in tin 
paper’s general politics and tone. 

The collection of all general new^s is the respon 
sibihty of the news editor; foreign news, sent in 
from a number of foreign correspondents, is 
organized by the foreign editor; the sports 
editor arranges sporting news; a featuies editot 
sees to the features page; and so on. News is 
•brought m by Reporii rs (q v ), some o( whom 
work from the head oflue, and others from 
various important points in the provinces. As 
well, there arc contiibutois in hund,reds of large 
and small towns all ovci the country, who an 
paid on results. News is also supplied by the 
News Agencies (q.v.) . Many reporters speriali/e 
in particular kinds of work. There are political 
correspondents who attend sessions in the Houses 
of Parliament, industrial correspondents, crime 
reporters, and theatre and film news correspon- 
dents, apart from the critics of the new plays 
and films. The news editor also receives a great 
deal of information from Government depart- 
ments, business organizations, and from private 
people who are seeking publicity. Rcportei^ 
have to investigate such information to sift out 
the small proportion which proves to be word 
publishing. The ‘leader’ column contains an 
article cvrcry day which expresses the news 
paper’s oflicial opinions (as distinct from news 
Important papers have at least one full-tim 
‘leader-writer’, and the editor always supervise* 
and sometimes even writes, this afticlc himselfi 



A sub-editor’s task is to take all the available 
material relating to an item of news, and turn 
it into the exact form in which it will be printed, 
including.the head-lines. Let us suppose that a 
murder has occurred in Wales, in a village half- 
v\^y between Cardiff and Swansea. The sub- 
editor in charge of the account at head office 
may be handed as many as fifty different sheets 
of paper during the course of 3 or 4 hours, each 
foritaining a report or part of a report of some 
aspect of the murder. Reporters in Cardiff and 
Swansea, who have heard of the murder, will 
telephone reports tq London, but their reports 
may not agree. When the sub-editor has written 
a summary of their information, having checked 
it from maps and local directories, an account 
may arrive from a correspondent at the actual 
scene of the crime, which renders the prepared 
summary out of date. Later the staff' reporter 
for the South Wales region, having reached the 
spot by car, lUciy u lephonc yet another version, 
ignorant of what has already been sent. Yet the 
sub-editor must prepare for the printer, some- 
times hour by hour as new editions are printed, 
a single, clear account from which all doubts 
and inconsistencies have been removed. And 
this is probably not the only .story he is having 
to handle. Even more difficult to handle is a 
political crisis in Europe or a presidential elec- 
tion in the U.S.A. A London morning paper at 
the busiest hours, which with a morning pape»* 
aie in the evening, may often have twenty sub- 


* NEWSPAPER 

In Britain national morning papers are pub- 
lished on week-days only, a custom due to a 
19th and early ^2oth century prejudice against 
the reading of newspapers on Sunday. Manual 
workers, however, were thought to have little 
time or inclination to read papers on working 
days, and so special weekly newspapers, con- 
taining mainly news of crime and violence, were 
issued at week-ends for them. The publishers of 
morning papers then began to evade public pre- 
judice by printing editions on Sundays under a 
title different from that of their week-day editions. 
This practice, which became popular during the 
First World War, when broadcasting did not 
exist, has now become so widely accepted that 
more papers arc sold on Sunday, and at higher 
prices, than on any week-day. 

Regional newspapers range from a paper with 
a small circulation round a country town to a 
London evening paper, with an editorial staff' of 
seventy in its head office, and a circulation ol 
1,500,000 copies a day in an area of several 
hundreds of square miles. Regional evening 
papers tend to be more prosperous than morning 
ones, because national morning papers can reach 
almost every city in Britain by breakfast time. 
But with evening papers, which often contain, 
especially in their sporting Columns, news of 
events which have happened within less than an 
hour, the situation is different. A local evening 
paper, If » blished in a town some distance from 
a large ci ^ such as London or Manchester, can 


editors at a tjme. To produce some 20,000 words 
for an issue of a morning paper the sub-edhors 
have had to read or glance at ps much as 
500,000 words. All important items are discussed 
and supervised by various executives such as the 
( hief sub-editor, the chief foreign sub-editor, the 
night editor, various assistant editors, and per- 
haps the editor himself, wli.> sometimes visits his 
office late at night, and is always in touch by 
telephone. I'hc chief sub-editor will be told what 
the chief item on each page should be. 

No matter how important the news or how 
incomplete the information, an even flow of 
reports from the sub-editors must reach the 
printing operators throughout the evening, other- 
wise steady production would break down {see 
Newspaper Industry, '*‘fol. VII). Evening 
papers arc produced much like morning papers, 
except that sporting results, which may arrive 
as each edition is going to press, have to be 
handled with |[reat speed. 


sell its edition before the London or Manchester 
evening papers can reach the district. 

In a fevv cases regional papers have acquired 
a high reputation throughout Britain and the 
world; the Manchester Guardian and the Edin- 
buigh Scotsman are among them. 

rhe simplest kind of newspaper is the ‘local 
weekly’, produced in a country town, or suburb 
of a great city. The weekly has no national or 
foreign news, ar d subscribes to no news agencies. 
It contains rcpoits of meetings of local councils, 
as well as of local political meetings, lawcourts, 
lectures, church functions, or sports, and news of 
local people. Its staff may consist of an editor, 
who is sometimes even the proprietor, and from 
one to six reporters. In larger staffs, there will be 
a proportion of juniors in their teens, who are 
learning reporting before seeking work on larger 
papers. There are generally no sub-editors;, each 
reporter writing head-lines on his own reports, 
and handing them to the printer, who will 
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arrange the various reports in an agreed order. 
In some larger towns a weekly paper is owned 
by the same proprietor as an cv/;ning paper. 

In Britain in 1950 there were fifty-six morning 
daily papers and eighty-eight evening ones, as 
• well as seventeen Sunday papers. There were 
more than 1,300 local weekly newspapers, quite 
apart from the 3,500 Magazines and Periodicals 
(q.v.) All those publications, numbering more 
than 5,000 in all, published between them 
10,000 million copies a year. 

Newspapers in the more develoffcd overseas 
countries, especially English-speaking O'^es, are 
broadly like those in Britain. In some countries, 
such as France, the press has been at limes liable 
to corruption. While London is distinguished by 
a small number of very rich papers with a vast 
advertising revenue and immense circulations, 
and a tradition of independence, Paris has 
suffered from a large variety of papers with few 
readers and little money, and proprietors and 
journalists have sometimes yielded to the tempta- 
tion of bribery, as did British journalists in the 
17th and 1 8th centuries. Totalitarian countries, 
such as Germany under the Nazi Government, 
and the U.S.S.R. and other European countries 
under Communist rule, do not allow free jour- 
nalism; all papers* and journalistic writing must 
submit to State control. 

Sec also Journalist; Freedom of Spelc n. 

See also Vol. VII: Newspaper Industry. 

NEWSPAPERS, HISTORY OF. Before print- 
ing was invented, people had to rely for their 
news on w^ord of mouth, and on the passing of 
private letters between the few people \\ ho could 
read and write. In ancient Rome, about the 
time of Julius Caesar, the practice began of 
writing public announcements about official 
matters every day on a large whitened board in 
the centre of the city. Important jieople who 
lived in other parts of the Roman Empire some- 
times arranged for written copies of these an- 
nouncements to be sent to them by messenger. 

Many centuries later, long after the Roman 
Empire bad fallen to pieces, news began to cir- 
culate again in Europe in the form of occasional 
written letters. News of important events, such 
as the battle of Agincourt, would reach the great 
landowners and local rulers, the abbots, bishops, 
and barons, in the form of private letters. These 
would *bc written by their chaplains, or other 
priests who formed part of their household and 


were probably the only members of the staff who 
could read and write. The letters, largely based 
on hearsay, would be passed from one bishop or 
baron to another, and so both the truth and /.he 
rumours would gradually spread. 

At this time, kings and princes increasing!^ 
employed people to send them private letters 
with news from various parts of their own country 
and abroad, so that they might be aware of 
plotters at home and foreign enemies. Queen* 
Elizabeth’s favourite, the Earl of Essex, in order 
to keep abreast of court intrigue, set up a staff 
of clerks to provide him wn'th news. 

Although printing was invented about 1450 
{see Printing, History of), the first public news- 
papers did not appear until nearly 200 yeais 
later. During that long period, the WTiters oi 
news-letters were slowly securing freedom from 
various kinds of control. As books had been 
mostly written by hand in monasteries {see 
Books, History of), the Church had claimed 
responsibility for all wTitten things, and this con- 
tinued w'hen printing began. At the Reforma- 
tion the control of the Church in England passed 
to the King, and for many years, therefore, the 
CJrown claimed the right to authorize books 
In those days most people thought it reasonable 
that men should not be free to write or print 
what they liked. Under Queen Elizabeth, print- 
ing was forbidden except in London, Oxford, 
and Cambridge, and even then the number ol 
printers was limited by law. 

Private letters containing news oontinued to 
be written after the invention of printing. Sonic 
men in London made a living by writing ‘news- 
letters’ to noblemen and rich merchants w'lio 
lived in the country. But a wTiter would no 
longer send all his letters to one patron only; he 
would send copies to customers in different parts 
of the country. These writers, who used to ex- 
change news in the busy doorway of St. Paul’s 
Cathedral every day, were the first English 
journalists. 

Occasional printed pamphlets or ‘news-books’, 
dealing with such events as foreign wars, began 
to be sold. The first to be published at regulai 
intervals, ind therefore in a sense the first news 
papers, appeared in 1622, with news translated 
from German and other foreign news-books 
They were known as ‘courants’ or ‘corantos’, t<j 
show that they were not single pamphlets bin 
part of a running or ‘current’ series. Licences t( 
print such news-books had to be obtained fron 
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HEADUNF OF Till ‘EXLTER POSTMAN* NEWSPAPER, I7II 
One of the first proviiicial weekly news-sherts 


one of the courts of law, known as the Star 
Chamber (q.v. Vol. X), so called because its 
ceiling was painted with stars. Until this court 
was abolished in ibqi, news-books were allowed 
to print only foreign news. One of the last acts 
of the Star Chamber was to sentence to the 
pillory an aggressive Puritan, William Prynne, 
whose ears were cut off as a punishment for 
publishing attacks on royalty. 

The Civil War of 1642 52 gave writers a great 
chance to report* on affairs in England. The 
Royalist party would start a newspaper or news- 
book, and the Parliament party would then start 
another one to attack it. Following the fashion 
of learned books of the time, some of these 
journals had Latin names. They contained 
news, crude woodcut pictures, leading articles, 
and advertisements. I’heir political news w^as 
violent and often dishonest. Some papers would 
report any abuse or untruth about their oppo- 
nents; one denounced its enemies as a ‘crew of 
brainless and brazen-faced news-scribblers’. It 
was at the beginning of this period that John 
Milton (q.v. Vol. V) issued his famous pamph- 
let ‘for the liberty of unlicensed printing’ {see 
Freedom of Speech). 

After King Charles I w<is beheaded, the 
Government of Oliver Cromwell suppressed all 
news-books with whose opinions it did not agree. 
At the Restoration, the new king appointed a 
censor to control printed news, and the House 
of Commons forbade the reporting ol its debates 
without permission. In 1665 was founded the 
oldest journal now living, the London Gazette, 
whici\ contains official announcements. 

The general setting-up of newspapers was not 


possible until after 169^, when Parliament ended 
the censorship laws. Soon theie were founded 
many newspapers and periodicals. The first 
English daily paper, the Daily Courant, appeared 
in 1702. Papers were careful to avoid deahni^ 
with politics, because pio.secutions for Libel (q.v. 
Vol. X) were freely used by the royal family, 
the government, and tJic Church authorities to 
punish newspaper proprietors, editors, and 
writers if they were too critical. 

Journalism was strongly influenced by leadiru,^ 
writers, such as Daniel Dei*oc, and later Siefii, 
•Addison, and Swift (qq.v. Vol. V). When in 
prison in 1 704 for criticizing the Church author 1- 
tics, Defoe began writing the first issues 'of a 
notable magazine, long before he started writing 
Robinson Crusoe, 

In 1712 the Government, growing alaimcd 
at the increasing influence of new^spapers on 
public opinion, put a tax on them ~ a tax whidi 
continued under various forms for nearly 150 
years. The papers survived the tax; but the 
violent political passions ol the times often caused 
papers to be corrupt. If the editors and wi iters 
were paid enough money by a politician as a 
bribe, they would cease to criticize him. 

During the i8th century newspapers reached 
many more parts of the country because thev 
were carried, as were letters, by Stage Coach 
(q.v.) — a service which was becoming wcl' 
organized. Few people could afford books, and 
children were helped to learn to read by the us' 
of newspapers. About the same time commcrci.* i 
firms used newspapers more and more for acl 
vertiscmcm. and die money they paid for thc.s 
encouraged editors to resist bribes and to exprr 
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honest opinions. In 1761, John Wilkes (q.v. 
Vol. V), started the North Briton solely to attack 
the Government. In his long struggle with Par- 
liapicnt and the lawcourts Wilkes helped to 
safeguard editors from the dangers of arrest by 
‘general warrant’ at the will of the Government, 
and, in I772> to establish the right to print 
reports of Parliamentary debates. Previouslv 
newspapers, when reporting debates in Parlia- 
•ment, had to use various tricks to avoid prosecu- 
tion; for instance, they would pretend to be 
reporting the debates of an imaginary pai liament 
in China. When Samuel Johnson (q.v. Vol. V) 
leportcd the debates of Lilliput in the Genlle- 
man's Magazine, he was really reporting those ol 
the House of Commons. 

Until the end of the i8th century, and for 
some time after, the hea\qf taxes on newspapers 
kept their prices so high that people used to go 
to coffee-houses to read the free copies, or they 
used to hiic copies for a small fee. This was so 
in the early days of The Times, which had been 
founded to heljj to develop a printing business. 
At that time papcis still used to receive money, 
either from the Government or the opposition, 
as bribery for their support, and The Times, 
under its founder, John Walter, proved at first 
no better than the rest. But under his son, John 
Walter II, in the early 19th century, when the 
paper had a sulistantial circulation and received 
a good deal of money from advertisements^ 
could afford to refuse bribes. Its standard of 
honesty and, independence became high, and its 
example raised the whole level ol journalism. 
But new'spapers, even though sometimes corrupt, 
did number among their contributors such 
writers as Charles Lamd, William Hazlitt, and 
Samuel Coleridge (qq.v. Vol. V^). 

Early in Qiicen Victoria’s reign, The Times, 
which had the largest ciiv^ulation ol any news- 
paper, w'as widely read by men of the ruling 
classes both at their clubs and in their homes. 
Its editor, Thomas Barnes, was desciibed b^ i 
Lord Chancellor as ‘the most powcrl’ul man in 
the country’. Peers and foreign statesmen called 
at Barnes* houses to consult him. His successor. 
Delane, exercised a strong influence on the 
Crimean War by publishing the dispatches ot 
W. H. Russell, the first >r correspondent, who 
exposed British mismanagement and hastened 
the resignation of the Government. 

By 1861 the last of the ‘taxes on knowledge’ 
had been abqlished. Newspaper prices could 


be reduced, and new papers were founded. 
Mechanical improvements, follov^ing the intro- 
duction of the steam-engine, led to an increased 
output from printing works {see Printing, His- 
tory of) , and this enabled newspapers to extend 
their circulation rapidly. The Daily News had 
been started in 1846, with Charles Dickens (q.v. 
Vol. V) as its first editor. The Daily Telegraph 
followed in 1855, the first paper since the 17th 
century to be sold for a penny. Important daily 
papers were founded in the provinces. Until the 
Munches tei Guardian was converted from a weekly 
into a daily in 1855, no daily paper had been 
published in the provinces. 

A new kind of journalism was introduced by 
W. T. Stead, editor of the London Pall Mall 
Gazette, who began the piactice of ‘interviews’ 
and ‘gossip columns*. 7'he introduction in iByb 
ot a simple form of compulsory education resulted 
in a gradual increase in the number of people 
able to read. In 1896 a young magazine pub- 
lisher, Alfred Harms woilh (later Lord Noith- 
elilfe), founded the Daily Mail, which soon 
achieved a sale of a million copies a day, the 
first paper in the vvoild to do so. Other papers 
of this kind were established. Inspired by the 
cheaper American press, they ofl'ercd amusing 
or sensational items of news ie> the poorer mem- 
bers of the public who could spend a halfpenny 
on a new spaper but who had little knowledge of 
the woin n' its affairs. 

In the v)th century many newspapers have 
growm into large industrial units {see Newspaper 
Indus 1..Y, Vol. VII). They have followed the 
tendency id’ other industries to merge into large 
groups, and a number of less successful papers 
have cea.scd to be published. Circulations of 
some daily papers have risen to more than 4 mil- 
lion copies apiece, and one Sunday paper prints 
more than 8 million copies. Such large circula- 
tions of newspapers arc unknown elsewhere, for 
nowhere else ii. the world are so many populous 
cities linked so closely by rail with three such 
printing centres as London, Manchester, and 
Glasgow. 

See also Newspapir; Magazines and Periodicals; 
Propaganda and Ad\ lriising; Freedom of Speech. 

See also Vol. \'1I : Newspaper Industry. 

NORWEGIAN LANGUAGE, see Scandina- 
vian Langu^cfs. 

numbers, see CoLNn.sr;, Hisioryof. 



OAR AND PADDLE 


^506 

number of sounds, some of which seem rather 
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OAR AND PADDLE, see Vol. IX: Rov .no. 

OCEANIC LANGUAGES. The people who 
speak these are Polynesians, Melanesians, and 
Micronlsians (qq.v. Vol. I). The first Oceanic 
languages probably came to the islands of the 
Pacific from the East Indies about 2,000 years 
ago. There have been at least eight other 
migrations since then, the last two occurring 
about A.D. 600 800 and a.d. 1200-1300, when 
the present Maori language was established in 
New Zealand (see Maoris, Vol. I). Remnants 
of at least two earlier tongues still survive in 
New Zealand. 

Polynesian languages use only about ten con- 
sonants and six or seven vowels, and they have 
a simple flexible grammar, which docs not have 
elaborate rules nor make changes in the endings 
of words; instead, little words known as particles 
arc used to show different meanings — thus: tika, 
‘correct, proper’, tika~lu, ‘to be correct’, /a-ZiAa-Zw, 
‘to cause to be correct’, and so on. 

The Melanesian languages, on the other hand, 
have elaborate grammatical rules and a large 
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INSCRIBED WOODEN TABLET FROM EASTER ISLAND 

Probably carved about a.d. 1750. It is read from the left- 
hand side of the bottom line, then turned round at the end 
of each Ifcic, so that every other line is upside down. Tablets 
were read out at public gatherings 


queer to our ears. These languages vary con- 
siderably, even in the same island; it is often 
impossible for people living in one village to 
understand those living in another less than a 
mile away. An interesting feature of Melanesian 
is its ‘chief’s language’, consisting of special 
wwds used w'hen spoken by or to a chief. It is 
considered a serious offence to use a normal word 
when the ‘chief’s word’ should be employed. • 

Polynesian and Micronesian have probably 
grow'n from Melanesian; but the origins of the 
Oceanic group of languages^ arc not completely 
known. The main stock came from South-east 
Asia through the East Indies {see Indonesian 
Languages). The local languages arc rapidly 
dying out or becoming less pure now that people 
from the different islands visit and mix with each 
other. In many f)laces Pidgin-English (q.v.) is 
now’ spoken. English itself has borrowed a few 
words from Oceanic, among them tabu (or 'I aboo, 
q.v. Vol. I), bamboo, and cockatoo. 

None of the modern languages of the Pacific 
WTre written down before the coming of mis- 
sionaries at the beginning of the 19th century. 
Scattered records of them had been collected 
and preserv'ed by the Spanish voyagers in the 
i6th century, and by the Dutch, English, and 
French navigators who followed, the best knowm 
of whom is, probably, Captain James Cook (q.v. 
Vol. V). 

But from Easter Island, in the extreme Eastern 
Pacific, there have come a numbe^ of wooden 
tablets and other objects inscribed with picto- 
grams, that is, a kind of writing in w Inch pictures 
represent ideas. Some of these signs arc clearly 
intended to depict men, fish, turtles, frigate- 
birds, and so on; others are not yet understood 
with any certainty. These tablets appear to be 
of late origin (some probably of the mid- 19th 
century). This system of writing, unfortunately, 
has not yet been deciphered, so we do not 
know what the tablets say. It is safe to assume, 
however, that they have religious significance of 
some kind. 

See also Language Structurr. 

Sec also Vol. I : Polynesians. 

ORDNANCE SURVEY, see Map-Reading. 
OREGON TRAIL, see American Trails. 


OMNIBUS, see Bus. 


p 


PACIFIC ENGINE, see LocoMOiivts, Ci \sses 
\N i) Uses, Section 2. 

PACIFIC LANGUAGES, see Oceanic Lan- 

(lUAGES. 

packet SHIPS, see SrEAMsiiiFs, Hisiory of. 
PADDLE STEAMER, see Steamships, His- 

TORY OF. 

PANAMA CANAI.. This ship canal joins the 
Atlantic and Paciiic Oceans, crossing the Isth- 
mus ol Pcinaina, the narrow neck of land which 
( onnccts North and South America. Before the 
canal was opened in up 4, ships journeying from 
Euiopc to the Pac'ific ports of North or South 
America had to make the stormy passage rour ^ 
Cape I lorn. J he Panama C^anac has shortened 
the distance Ijy sea between lavcrpool and San 
I’rancisco by about miles. 

Tire idea of making a way foi ships through 
this narrow neck ol land is iis old as the i6th 
(cntury. Up till the caily ujth century, when 
the Central American Colonics became indepen- 
dent, successive Spanish governments had made 
tentative plans. Then the /lench engineer, de 
i.esseps, fresh from his triumph over the Suez 
(-anal (c|.v.), took up the problem. In 1B7P, 
though he was by then 74 years of age, he foriru 
a company to raise money for the scheme. e 
Lesseps’ engineers estimated that the canal wou 
(ost £ 2 G million. Americans, not favouring a 
canal built by Europeans, refused to support 
the company, and most of the money was raisec 

in France. . . 

The canal-builders soon ran into dithculties 
caused both by the unhealthy, fevcr-in es c 
climate, and by the magnitude of the engine^ 
ing task, made^worse by tbc behaviour o e 
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River Ghagres. This river, at some dmes a m<!i*c 
brook, during rainy seasons swelled to a raging 
torrent, flooding the country and sweeping 
everything before it. The intention was to make 
a sea-level canal by tunnelling through the 
Gulebra hills which run down the middle of the 
isthmus. But the work of removing the enormous 
quantities of earth and rock was made impos- 
sible, both by the river which kept breaking 
through and sweeping away the machinery, and 
by the fever which attacked the workmen. 
During the 9 'years that the struggle continued, 
as many as iG,ooo men died of malaria and 
yellow fever. Much money was wasted in mis- 
management, and after many millions had been 
spent, the disastrous project was abandoned; 
many thousands of people who had put their 
savings into it were ruined. 

Years later, after £60 million had been spent, 
the U.vS.A. Government became interested. 
During the Spanish- American War of 1898, the 
Americans had discovered how crippling it was 
to have their fleet divided between the Atlantic 
and the Pacific, with a journey of thousands of 
miles between them. Colombia, however, to 
whom Panama belonged, was unfriendly; but 
when Panama revolted and separated from 
Colombia, the U.S.A. Govei'nment at once 
bought up the canal company, the local railway, 
and a strip of land 10 miles wide along the line 
of the Can and in 1904 work was begun. 

The first ^tep was to deal \.iih the malaria 
and ycllow'-fever mosquito. Land w'as drained, 
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THE PEDRO MIG I PL I OCRS ON THE P*N‘M^ CWAL 
Ships arc drawn through the locks bv clcctiic cars 


and all stagnant water was sprayed with 
pcti oleum to kill tlie mosquito larvae All the 
workmen’s huts were made mosquito-proof w ith 
fine copper-gauze. Arrangements were made for 
hospitals, scliools, and amusements. In 1907 
President Theodore Roosevelt put the \\ hole work 
under military control in oider that the work- 
men should come under military discipline 

It was decided to build a canal 8 ^ feet above 
sca-lcvcl and to raise ships at each end by a 
series of locks. A great dam, the Gatun Dam, 
was built across the path of the River Ghagies 
to control it and to form a huge, irrcgulaily 
shaped lake at canal level. There were still many 
difficulties to overcome, especially in preventing 
landslides in the cutting through the Culebra 
Hills. Such landslides oltcn meant the clear* ng 
away of millions of cubic yards of earth. 

The Panama Canal has tlirce sets of Locks 
(q.v.): Gatun, Pedro Miguel, and Miraflores. 
Each lock is 1,000 feet long, 1 10 feet wide, and 
from 47 to 85 feet deep. The gates arc of steel, 
and arc very thick and strong. Thev arc hollow 
and filled with air so that much of their weight 
can be taken by floating. The inner bottom 
corner rests on a pivot, and the upper corner is 
hingcfl. They can be opened or closed in 
2 minutes, and a lock can be emptied or filled 


in 15 minutes. On the upper side of each pan 
of ordinary gates is an emergency gate which 
can be thrown across the canal in case of accident 
or when repairs are necessary'. Ships do not pass 
through the locks under their ow^n steam, but 
arc handled by foui or six electric locomotives, 
usually tw'o in front and two behind. Ships take 
about 7 hours to pass thiough thc^ whole canal, 
winch IS altogether about 50 miles long. 

When the canal was opened in 1914, it had 
cost the Uniicd States about ^('75 million. In 
commercial \essels passed through, 
by 1927 the number had increased to ncail\ 
5,500. In consequence the income from ship 
dues rose steadily, and the canal, so disastrous 
in its caily history, became a financial success 
as well as a tremendous contribution to coni 
munications. 

Sec abo Canals. 

Sec also Vol III Panama. 

See also \ ol VIII : Canal Buii uino. 

PAPER. 1. In the course of history, from eaii 
civilizations until to-day, three main matciu« 
have been used for writing — papyrus, parchmei 
or vellum, and paper. To-day paper is used f 
ncaily all writing and printing; papyrus h 
long disappeared from use; and parchment 
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only used for special purposes, such as documents 
presented as testimonials to eminent people. The 
name ‘paper’ comes from papyrus; for paper 
was^ introduced into Europe when papyrus was 
still in general use. 

•2. Papyrus. This word was the name of a 
plant which grew in ancient Egypt by the River 
Nile, and also grew to a lesser extent in Palestine 
Later the name was given also to the writing 
material which was made, chiefly in Egypt, from 
the plant. I’he papyrus is a straight, tall, reed- 
like water plant. Its leafless stem rises from 4 to 
15 feet above the w^ter, and it has an umhrella- 
likc top of delicate green rays. A sheet of writing 
material was made from the plant in this way: 
a section of pith from the stem was cut into 
narrow strips which were arranged in layers, tlie 
fibres of alternate layers being at right angles. 
The sheets were then pressed together and dried 
in the sun ; the natural juice of the plant made 
the pieces suck together. Lneven patches were 
smoothed away, and the surface polished {see 

p- 179)- 

Papyrus was cheap, and for many years it was 
the chief writing ir*aterial of the ancient world. 
The Egyptians seem to have used it soon alter 
3000 B.C., and possibly even earlier; and the 
Greeks from about 500 b.c. Sheets were pasted 
together to form rolls, which varied in length; 
some of them were 30 or 40 feet long, while the 
‘Great Harris Pa})yrus*, now in the Bril’ ’ 
Museum, measures 150 feet. On the inner side 
of the roll ll^e fibres ran across its breadth, and 
the writing went in the same horiz ontal direc- 
tion. The back of the roll, the ‘vcuo’, was also 
used, but there the writing usually went across 
the fibres. Papyri have been perfectly preserved 
under the sands of Upper Egypt, and they have 
also been discovered in the ruins of syiiagoguc.s 
and other temples in souti* Palestine and north 
Mesopotamia. Charred pieces have been found 
in Herculaneum (Italy). The earliest preserved 
papyri, w'hicli can be dated about 2750 b.c., 
written in Egyptian language and arc in hieratic 
writing {see HiEKOCLYriiics). 

Papyrus lasted in general use down to the 
9th century, and was still used occasionally in 
Europe until the i ith century. In Egypt it was 
superseded by paper, a» ^ in southern Europe 
by parchment or vellum. 

3« Parchment. The word comes from Per- 
gamum, a city of Asia Minor, once the centre ol 
parchment making {see Books, History of). 


PAPER 

Parchment is made from the skins of shfep 7 
goats and calves, and other animaR. According 
to Greek writers, the Persian royal records were 
written on skins of sheep or goats, but skins of 
oxen were used for sacred writings. 

The earliest documents on skins which still 
exist are dated about 2000 B.c. By the 2nd cen- 
tury, when both papyrus and parchment had 
been in use for some time, men found that 
although parchment was more expensive, its 
toughness enabled the sheets to be bound to- 
gether like our modern books, instead of having 
to be pasted in a long roll. Both sides of a sheet 
could be written on, and writing in ink could 
be washed off or scraped away if the sheet was 
wanted again. 

I’he finer material produced from the skins of 
a kid or young calf came to be known as ‘vellum’, 
but by the Middle Ages the name vellum was 
often applied to all parchment. In order to 
make parchment, the skins arc first soaked in 
lime to remove the hair; then they are scraped, 
washed, stretched, and dried, and the surface is 
made smooth and hard by being rubbed with 
chalk and pumice-stone. Vellum is nearly white 
and has a beautiful texture {see Colour Plate 
opposite p. 48). 

4« Paper is made from a pulp of finely 
chopped matciial mixed with water and size or 
gum. It is spread over a wire mesh, and when 
the wucci las drained away, the solid film of 
matciial . ich is left is dried into a sheet of 
paper. Early paper was made mainly from rags; 
but ovc. ^joo diflerent materials have been used 
at difi'ercni times ; the main ones arc cotton rags, 
esparto grass, flax, and linen (from which the 
best quality is made), jute, hemp, rope, straw, 
bamboo, and wood-pulp (which is mainly used 
for cheaper paper). Until the i8th century, 
paper was made by hand: after this it began to 
be made by machines. 

Paper was in: ented in China, possibly as early 
as 100 B.C., but It was only in the i ith century 
A.D. that the Arabs, who had been making it 
for 300 years before at their famous paper-mill 
at Damascus, introduced it into Europe by way 
of Spain, which they occupied as conquerors. 
From there it spread to Italy, France, and 
Holland. The fir:»t important paper-mill in Eng- 
land w^as built in the 15th century in Hertford- 
shire. 

In the 14th century paper gradually became 
the main writing material for literary purposes, 
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“though the parchment trade naturally resisted 
it. By the '15th century, when printing was 
invented, it had become firmly established; 
for it was cheaper, more plentiful, and more 
supple than parchment. To-day paper has many 
uses. It is used for all books, newspapers, and 
writing papers ; for faper money and wrapping- 
paper, blotting-paper, and cigarette papers. In 
Japan it is even used for clothes and sandals and 
walls of houses. 

Sec also Books, History of; Book; Ink; Writing, His- 
tory of; Wri'iing Instruments. , 

PAPUAN LANGUAGES. These are sp. ken by 

the people of New Guinea. The languages vary 
greatly, even in a small district; in one river- 
valley in northern New Guinea, 30 different lan- 
guages are found within a distance of 20 miles. 

The languages all seem to have a compara- 
tively small vocabulary. In order to tell a simple 
story it is necessary to make up for the lack of 
words by using many imitative sounds and by 
waving one’s arms about. In very few cases can 
the people count above five or six; the method 
of numbering is one, two, tw'o plus one, two 
plus two, after which it is impossible to go 
farther. The usual w^ay of indicating any larger 
number is to use*some word meaning ‘sand on 
the beach’ or ‘leaves on the tree’, implying a 
large, vague figure. 

Since these languages vary so much, it is diffi- 
cult to classify them. It has been suggested that 
there was an early migration across the Bay of 
Bengal from southern India (near the modern 
city of Madras) by w’ay of the Nicobar Islands 
and the East Indies to New Guinea and Aus- 
tralia. A little later the Pacific Islanders and 
Indonesians (qq.v. Vol. I) started to move out 
from their homes in Siam and Indo-Ghina, and 
so cut off the people in New Guinea and Aus- 
tralia from their original homeland. 

Sec also Language Structure. 

Sec also Vol. I : Melanesians. 

PAPYRUS, see Paper. 

PARACHUTE. This is a device shaped like an 
open umbrella, which controls die speed at which 
a person or object falls through the air. The 
resistance of the air, pressing against the large 
area of the parachute, slows its rate of falling 
according to its size. 

The* idea of parachutes is not new. One was 
designed by the Italian artist and scientist, 


Leonardo da Vinci, about 1500. Soon after 
Balloons (q.v.) had been invented, in the late 
i8th century, several French pioneers made 
exhibition jumps from them. They used an 
umbrella-like structure with a stiff fram 4 *work 
and a basket in which the parachutist stood; 
this structure dangled from the balloon until it 
was released. The word ‘parachute’ comes from 
French words for ‘warding off’ and ‘fall*. 

The first folding parachute was used in America 
in 1880. As the parachutist jumped, his para- 
chute was pulled open by a cord attached to the 
balloon. Such parachutes were used during the 
First World War by observers in captive balloons ; 
but they were not used as means of escape from 
damaged aeroplanes until the last stages of that 
war, w^hen some German airmen made para- 
chute escapes. 

The modern parachute is of two types, the 
‘free’, which is used for emergency escaped from 
aircraft at any height, and the ‘static’, whicli is 
used for dropping troops, weapons, and vehicles 
in particular areas from low-flying aircraft during 
war. The main difference between the two 
is that with the ‘static’ t>7)e the folded parachute 
is jerked open by a cord attached to tlie aii craft, 
whereas with the ‘free’ type the parachutist 
opens the parachute. 

A parachute consists of two parts, the main 
circular spread of silk or nylon, called the 
‘canopy’, and the ‘rigging lines’ attached round 
the edge, which connect it to the wearer. 'J lie 
canopy is very carefully folded in^ the factory, 
and stowed in a pack which is strapped to 
harness on the wearer’s body. Some packs aie 
made to be used as a seat by an airman; others 
are fitted to his back, chest, or lap. 

With the ordinary ‘free’ parachute the air- 
man, after jumping, must take care to fall well 
clear of the aircraft before bringing his parachute 
into action, so that it may not become entangled 
in the machine or in bits of falling wreckage 
and so that the strong ‘slip-stream’ of air from 
the propellers will not unbalance it. If he 
jumped from a great height, he may decide to 
fall several thousand feet before opening tiu 
parachute, so that he may be exposed for th' 
shortest possible time to the freezing temper.r 
turc and shortage of oxygen at high altitude' 
(Some parachute equipment carries a smal 
bottle of oxygen which the falling airman ca 
inhale in rarefied air.) He must, however, brin 
the parachute into action before coming tc 
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PERSIAN AND ALLIED LANGUAGES. Per- 
sian IS the most impoitant of the Iiariian lan- 
guages, a gioup within the Indo-Europi* an 
family (q v ) The group takes its name fiom 
Iran, the national name ol PrRsiA ('q \ Vol III) , 
and the languages aic sfooken ovci an area 
sti etching from the Ri\ei 1 iiphiatcs to the east 
of the Hindu Kush Mountains J he chief lan- 
ginges, aftci Ptisian, aie Pashto , (spoken in 

i 


2 

Afghanistan), Baluchi (in Baluchistan), Ossetic 
(in the Caucasus), and Kurdish (on the western 
borders of Peisia) There aie also lesser lan- 
guages and dialects . , 

The oldest records in Iranian date fiom the 
6th centur) u ( Some of the Gathas or psalrrls 
of the Avesta or Zoroastiian suiptuics {set 
Sacred Books, Vol I) were pi obably composed 
by Zoroaster himself about 6oo b c , and are in 
an eastern Iianian Language known as Avestan * 
I he Peisian kings of about this time madt 
let Olds on rocks, carved in C i neiform sciipt 
(cj V ) in the language called Old Peisian 
Avestan and Old Persian, like Sanskiit, have an 
elaborate grammar, the nouns, for inslanci 
having man> different grammatical endings oi 



inflexions, and the verbs a variety of forms to 
indicate piccisc meaning 1 rorn tin ^id centui) 
onwards the onl> records we have of Iranian 
languages show tliat their gi ammar had become 
simpler In Middle Persian and Parthian, foi 
instance, two languages of this period, the nouns 
ha\e no gender, and apart fiom a plin il t ndni ^ 
the^ do not ch inge their foim accoiding to iIk ii 
function in the sentence 

Modem Persian, the language spokr n ii 
Persia to-d i\ , grew up alter the \iabs h id con 
cjucreci Persia in the 7rh centurv a d and con- 
\ cited most of the Persians to IsL in Ar \bu 
(CJ V the language ol the concjueiois and ol tin 
new religion had a stiong influence and the 
\r iljic script was used J he Ptisi ins lion owed 
a gic It number of Arabic words, \\lii(h some 
times replaced Pci si in words, but vmic nioic 
often use d side b> side with them These boiiow- 
ings 1 m\c made Modern Persian vei'y rich and 
c\j>Ms i\e, \eiv suitable for its great liter iturc 
with Its strikingly beautiful poetiy J he other 
living Iranian languages have been d( ( jiK in 
flue need bv Modern Persian liter ituie, but havi 
comparatively little literature of their ov\n 

1 lip structure, however, of Modem Persian 
has not been influenced by Arabic , but h is 
remained very much like that of Middle Peisian 
I he consti uctions of cvei*yday Persian have 
gocjd deal in common with haighsh, as a few 
examples will show 

chand barddar ddiid ‘how -many brothc rs h.ivc 
you 

b\ya^ bt^ailm td sham bekhorim ‘come, let-us-go 
that supper we-may-eat’ 
sar-am datd mtkonad ‘my-head pain make 
( aches)’ 


a 

Although the Persian language can be very 
^rse, yet in emotional or formal speech the Per- 
sians tend to enjoy the use of words, and to pile 
them together for effect, using several words 
meaiyng the same thing. For example, Shdyad 
hi/idyatl az hikdydt -e an nabdshad ke az khabt o sahv 
0 ishtebah khdli nabdshad ‘There is probably not 
one of its stories which is free from blunders and 
errors and mistakes’. They also make great use 
expressive idioms and apt quotations from 
their poets. 

Sc(* also LANtJtJAOF SrKlICTURI . 

See also Vol. I: Persian Ancifni Civilizahon; Per- 
sians; Zoroasirian. • 

PETROL ENGINE, see \1otor-gar, History 


PICTURE TRANSMISSION. The electrical 
transmission of photograjihs or other pictuics 
ov('r long r- is ( arri J out either by wiic 

or by wireless. Any means of transmission which 
is sensitive enough to cany' speech can be used — 
tliat is, an ordinary telephone line, ora telephone 
trunk circuit, or f/iy wireless telephone system 
which is not too di>rortcd by electrical disturn- 
ance in the atinosj)here. 

J lansinission lirst became possible because 
of the |)eculiar property of a chemical element 
called selenium. Clhanges in the amount of light 
w'hi( h lalls on a piece of selenium cause char''^'"'j 
in tile .selenium it.self. As the light decTeases, the 
selenium greatly increases its resistance to any 
electrical ciinent. In full light, scl iiiurn effers 
very little resistance to current. Sc' vNlien some 
selenium is linked up with an electrical circuit, 
th(‘ amount of electric ity which [passes through 
the circuit indie ales how inuc h darkness or light 
there’ is. 




IRWSMII IINC \ PICILRI IW WIRMISS 
It takes lo to I minutes to transmit a jiicture lo in. > b in. 

The mechanical problem consists in making that 
point of light move over evei'v pari of the jrhoto- 
grapli in a regular w'ay. while all the time the 
piece of .selenium is rcrording Uic amount of light 
or darkness in every point which it ‘sees’. This 
is called ‘seaiming’ tlie photograph. The sean- 
iiiiig is vii e by v\ rapping the photograph round 
a c'vlincle /cry muc h in the way a ])aper label 
is wrapped round a jam jar, cxcejjt tliat the 
photog aph iTiust go all the w'ay round the 
cylinder liUtil the two ends of the phrjtograph 
c'x.ietly meet on the far side. 'Fhen the cylinder 
iM-giiis to turn, and a beam of light is thrown 
on its side. The beam falls on the photograjjh, 
and as tne beam is held steady w hile the photo- 


If an ext/einely small b. am ol' light is thrown 
on a photograph, making a tiny point of light 
the si/c of a pin-point, that beam will either fall 
on a light spot or dark sjrot in the picture. I 
if a piece of selenium is held near the .spot, it can 
effect an electiic euiTcnt, and so indicate to 
someone a long way off w'hethcr the beam of 
light is falling on a dark or a light spot of the 
photograph. Of course, a photograph doe.s not 
consist of only two tones, ue light and one dark. 
A good photograph will iiavc many variations 
of tcjiic all over the surface. But all those varia- 
tions can be detected by the piece oi selenium. 

We have spoken only of one liny point of light. 


graph’s c ylinder is tur ning, the beam will have 
travcllc'd across a thin strip, from one side of the 
photograph tc the other, by the time the 
c ylinder has made one eomi)lete turn. If a piece 
of selenium is elc^sc lo the beam, the selenium 
will have recorded electrically all the variations 
in light and shade on this thin strip of the photo- 
graph, and if, at a receiving station somewhere 
else, another cylinder of exactly the same size is 
turning at exactly the same speed, with some 
.specially treated photographic paper wrapped 
round it, the same variations in light and shade 
can be recorded on that paper by meays of a 
varying hght controlled by the varying current. 



PICTURE TRANSMISSION 


the sending end the cylinder with the 
photograph wrapped round it goes on turning. 
But the biny beam of light, although appearing 
to be held steady, is really mdVing extremely 
slowly along the side of the cylinder, so that at 
each turn of the cylinder the point of light avoids 
falling on the strip of photograph which it has 
first illuminated, and starts lighting up a strip 
next to it. The track made by the point of light 
round and round the cylinder is therefore spiral 
in shape and very like the track made by a 
thread which is wound on to a reel pf cotton. 

The high-speed commercial transmission of 
pictures to-day makes use of more comp.icated 
mechanism than a simple piece of selenium. 
Glass-bulb valves, related to those used in a 
broadcast receiver, now give great accuracy. 
Not only photographs are transmitted, generally 
for use in newspapers, but also black and white 
drawings, architects’ and engineers’ plans, speci- 
mens of handwriting, finger prints for police use 
in detecting criminals, and even ordinaiy printed 
pages. In Arneric a a ‘home newspaper’ has been 
transmitted by wireless, which reproduces a small 
but complete newspaper on a roll of paper in a 
receiver. in the reader’s home. 

It was in 1873 that the special properties w'ere 
di.scovcred iti seloBiium (named after a Greek 
word for the moon}. In 1904 the first practical 
transmissions took place, dc\iscd b’y a French- 
man named Belin. Advances in scanning came 
from Germaru . The British thermionic valve 
{see Speech, Thansmission of) and work by 
Danes and Americans were the basis of the 
present systems. 

See also 'I'elevision. 

PICTURE WRITING, see \VRiiiN<i; Hiero- 

OLYPHICS. 

PIDGIN-ENGLISH. This is the name given to 
a peculiar form of English u.sed in many par"*’ 
of the world, but most commonly in the islands 
of the Pacific Ocean, in the East Indies, in South 
China, Siam, and Malaya. ‘Pidgin’ is said to be 
an attempt by some Chinese to say the English 
w-'ord ‘business’. 

Although there are many local variations, the 
general idea underlying the ‘language’ is the 
same — that of using simple English words but 
placing them in the word-order of the local lan- 
guage., In the native Oceanic Languages (q.v.) 
there is a special distinguishing word for names 


of objects, verbs, descriptive words, and so on, 
which is placed before a word to show whigV 
class (noun, verb, or other class) it belongs to. 
So, in pidgin-English, the special distinguishing 
word is kept; for example, ‘piecee* is normally 
used to indicate a noun, as is shown in the pidgiia- 
English version of a well-known nursery rhyme : 
Maree had little piecee lamb. 

He wool all .same he snow. 

What time Marcc all along top-side, « 

That lamb he all same go. 

Now'adays, how^ever, pidgin-English is often 
less complicated than this, , as is shown in the* 
remark once made by an islander who had 
become an assistant missionary in New Britain- 
‘You in couritiy long way off have Good King, 
you have Holy Book along you long time, then 
you very very good people all round, yes?’ Tlie 
attempt to describe new coik eptions sometimes 
results in ingenious and vivid descriptive com- 
pounds, such as ‘box-you-fight-him-he-sing-oul’, 
for a piano. 

Pidgin-English has changed very rapidly in 
the la.st few years and has become a little niOK 
like normal English. It is spreading quickly 
throughout the islands of the Pacific, and iii 
many places is the only language now spoken, 
the local dialects having become extinct. 

tiGEON POST. Pigeons can be used to caiiy 
messages because of their speed and remarkable 
power of finding their way home W'hen set free 
a long distance away. They arc still used in 
many countries, such as China, where their use 
has been known for centuries, and Japan, wlieie 
lines of communication by land may be broken 
by earthc]uakes; many newspapers in Japan have 
their own ]jigeon services, and so have scjine in 
the United States. 

The use ofpigec^ns to carry messages probabh 
dates back to the ancient civili/ations of Assyria, 
Persia, and Egs4;)t. It is certain that the ancitnit 
Greeks released pigeons at the opening ol tin- 
Olympic Games (q.v. Vol. IX) with message^' 
that peace must be maintained during tin 
Games. For this rea.son pigeons have ahva\^ 
played a part in the revived Olympic Game- 
The Greeks also sent the names of the 01 ympi‘ 
victors to their cities by pigeon post. 

Julius Caesar used pigeons in his conque*'* 
of Gaul, and according to Pliny the Elder, tip 
Roman naturalist, the general Brutus usc(' 
pigeon messages at the siege of Modena (43 b.c 
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FASTFNING A MISSAOF TO A PIC.rON’s LFG 
iJrtail from tlie lilm 7/zi? Man Reuter 

Since then they have been used in many sieves, 
among tiiern the siege of Leyden (1571, in 
the Dutch War of Independence against d.. 
Spaniards. During the siege of Paris (1870-1) 
in the Fraiifo-Prussian War, pigeons played a 
very important part; none luid bev n sent oat 
of the city before the siege began, Sw tb'-y were 
flown out by balloon. During the 4 months of 
this siege 150,000 oflicial letters and 1,000,000 
_priv atc ones were sent by pigeon post into Paris. 
The me.ssages were first written, and then photo- 
graphed on a thin film aoout in. by 2 in. 
Each film could then contain 2,500 dispatches 
of 20 words each. The films A\ere rolled up and 
pushed into a goosccpiill, whieh was fastened 
a thin wire or silk thread to one of the pigeon’s 
tail feathers. One pigeon carried as many as 
eighteen films in this way. 

The initial success of Reuter's, the famous 
News Agency (q.v.\ was based on an eflicient 
pigeon service. Many f tunes were made on 
the stock exchange w’hen pigeons were first used 
to bring news from France; the pigeons arrived 
in London by mid-day, but the Paris mail did 
not come in ijntil midnight, d'hc great wealth 
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of the Rothschild family is said to have 
much increased because early news of th^ /esult 
of the Battle of Waterloo was brought 'to them 
by pigeon post.* 

Until the coming of the electric telegraph, 
newspapers had their own pigeon service, and 
results of horse races and prize fights were 
regularly brought by this means. Even to-day 
some newspapers use pigeons to send results from 
crowded foolball grounds. Carrier pigeons are 
not now used, message carrying being done by 
the pedigree racing pigeon. 

In the First World War pigeons were used a 
great deal by the Na\^', Army, and Air Force. 
Indeed the rule was laid down that all machines 
reconnoitring over the sea must carry pigeons; 
few aircraft were then equipped wdth wireless 
telegraphy. They were not so much needed in 
the Second World VVar, since the use of radio 
communications had grown ; but even then 
British fanciers gave nearly 200,000 to the Ser- 
vices, and aircraft carriecl them, so that they 
could be released if the wireless transmitter was 
damaged. 

They were much used for secret messages. A 
number were dropped by parachute iqto occu- 
pied Europe, and ‘partisans’ or members of 
resistance movements in the ©cciipied countries 
sent messages to the Allies by means of them. 
Many brought information about vital things 
such as V sites from which flying bombs were 
being laui led. 

See also \\)1. IX: Pic.fon Racing. 

PILGRIMS’ WAY. During the Middle Ages 
many people went on pilgrimages to the shrines 
of saints or to churches which possessed holy 
relics, and for this purpose they often made long 
journeys. They travelled in companies for 
safety’s sake; they walked or rode according to 
what they could aflbrd; or T they were ill and 
were seeking a urc from the holy shrine, they 
travelled in a cart or litter. Many people went 
on pilgrimages as much for a holiday as for more 
serious reasons {see Pilgrimages, Vol. I). The 
roads to well-known shrines were often called 
Pilgniiis’ Weiys. 

The route from Winchester to Canterbury is 
the best-known of Engli.sh pilgrims* w^ays. In 
1 1 70 the archbishop Thomas Becket was mur- 
dered at Canterbury as the result of a q^uarrel 
between the Archbishop and King HeMry II. 
Becket was canonized, and his shrine at Canter- 
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became a centre for pilgrimage, not only 
from all parts of England, but also from the 
Continent. Pilgrims from France landed at 
Southampton and came up to^ Winchester to 
start their journey from Winchester Cathedral, 
, as did English pilgrims from the west. They 
followed a very old «track which in prehistoric 
times had been used for carrying the Cornish 
tin to the Isle of Thanet from where it had been 
shipped to the C'lontinent. 'I’he Pilgrims* Way 
was no defined road, for all pilgrims did not 
keep to the same track, some making deviations 
to pass monasteries or other churches or • hapels 
containing relics. The cliurch at Charing, for 
instance, on the route, possessed what was reputed 
to be the block on which John the Baptist was 
beheaded. 

At the time of the Reformation Henry VIII 
had the Canterbury shrine destroyed, and pil- 
grimages ceased. Traffic along the Pilgrims’ 
VV*ay, therefore, declined. Later some parts of 
it wcie use by local travellers who wished to 
avoid paying the tolls demanded on the main 
roads {see Turnpikf) ; but, as it was unpaved, 
travel along it was slow and rough. It is no 
longer possible to follow its w'hole 120 miles. 
Parts of it have become incorporated into 
modern roads, pafts are little pathways, parts, 
though no longer used, can be tiaced over the 
chalky downlands, and parts have got lost 
altogether. 

Sec also Roads, Britimi. 

PILOT, AIR, ^ee .\iRC’RFW. 

PILOT, SHIP’S. All .ships except very small 
ones arc compelled to take a pilot on board 
before being allowed to go in or out of most 
harbours. One of the essential qualities in a 
good pilot is local knowledge ; buoys, lights, bear- 
ings, leading marks, the set of local tidal cur- 
rents, the vagaries of shoals (shallow water) ai 
shifting channels, arc all known to the pilot. 
The main channel into the harbour is as familiar 
to him as the High Street of his native town. 
The master of the vessel is responsible for its 
safety, the pilot being there sol< ly as an advisor; 
but in actual practice he handles the vessel. 

Most of the big shipping companies retain in 
the principal ports which they use a pilot for the 
exclusive pilotage of their vessels; he is known 
as a ‘choice* pilot. In these days of easy wireless 
conununication, however, even casual visitors 


to a port make advance arrangements for a pilot 
to meet the ship. Most harbours have a rccojjii 
iiized boarding station, that is, the point at sea 
or in an estuary where the pilot cutter, waits for 
the incoming ship, ready to put the pilat on 
board. In some harbours, more than one type 
of pilot is required. For instance, vessels’entcring 
the Thames take on a sea pilot at one of the 
outer pilotage stations. At Gravesend, the sea 
pilot leaves the ship, which is then taken up to 
one of the dock entrances by a river pilot. When 
the ship has passed through the entrance lock, 
it is taken to its final berth by a dock pilot. 

Ser also Navioation, Marinf , Ports and Harrovrs 

PIRATES. Pirates arc robbers and outlaws of 
the sea. But pirates at sea have played a biggei 
part in history than Highwaymen (q.v.) on land 
This is paitly because it has been harder to 
cnfoicc law and order on the great no-ftian’s 
land of the high seas than in most places ashore; 
and partly because in the past even civilized 
nations were often quite ready, in their rivalry 
w ilh one another, to make use of the services of 
wild and lawless seafaring men. Indeed, it is 
often difficult to say at what point irregular war- 
fare in remote seas merged into piracy. Even 
to-day there is no precise definition, agreed 
among all nations, as to what constitutes piracy, 
but, generally speaking, by International Law 
(q.v. Vol. X), anyone who uses a ship to commit 
acts of violence at sea for personal profit, and not 
on bchalfof a regular government, may be treated 
as a pirate. He is ‘the common enemy of man- 
kind*, an Outlaw (q v. Vol. Xj whose ship may 
be chased or sunk at w ill. In old days captured 
pirates might be put to death by their captois 
without more ado; now they must be brought to 
port and tried by a proper eoui t. 

There is not much piracy in the world to-day, 
but in the past there have been pirates at some 
time or other in most parts of the globe. In 
times when civilized peoples and their wealtii 
were only to be found in small areas of the world, 
pirates from neighbouring and more backwaul 
tribes used to prey upon the trade routes aloni^, 
which this wealth w'as shipped. This happened 
for instance, in the days of Greece and Rome 
There were then, even in the heart of the Mcdi 
terrancan, nests of pirates who lurked amon^.' 
the islands and inlets and lived by plundci 
When the Roman Empire was falling into decline 
bands of Saxon pirates from the north madf 
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bolder and more frequent debcentb as the Roman 
defences became weaker It was on piiatc raids 
that the Anglo-Saxons lust found their way to 
the shoics of Biitain, and foui ccntuiies latei the 
''Vrking pirates made widespread plundeiing 
raids before the pciiod wIk \ thc> took to exten- 
sive settlement {see Viking Ships) 

Around the coasts ol v\estern Europe in the 
Middle Ages, when stable goveinments w, ' 
only slowly being established, theic was a good 
deal of small-scale piracy, and theie were still 
pnalcs along die coasts ol Cornwall and lodand 
as late as the time of Qiiecn Elizabeth and 
James I. Also, before theic were regulai navic s, 
^ings and princes W'lio ' anted to fight then 
neighbouis at sea had to cliai ter privately owned 
ships to do so; and it was not easy to ensure that 
these attacked only the cnein\’s shipping, or 
that they ceased when hostilities were over. 


Edwaid III of England had to take special steps 
to ensure that I leniish mci chants (who were his 
allies) could get back goods seized by English 
<^iews who did not confine their attacks only to 
the shipping of the eni nn , the 1 icnch king 

Duiiiig tlie ifith centui), theie grew up on 
the (oast of noith Afiica whole communities of 
Moslem'? Avhosc (hid means ol livelihood was 
piiac> Tliese wiie the Baibai> corsairs, some- 
nmes also called Sallee Rovcis or Algennes, 
accoiding to the pait of the coast fiom which 
they came. The piiates of the ‘Barbary Stales’ 
w('ic a power m the Meditcn anean for some 
tliiee centuries 

At diis time the goods most highly valued in 
Eui ope -jewels, silks, and spiccs — came fiom 
Lasteui countries The Barbary corsairs used to 
seize or plunder vessels t ari> ing these cargpes on 
then way through the Mediterranean, or up the 
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“WSW coast of Africa. For the most part corsairs 
were \Mosleitis, and they used to enslave the 
crews ortapturcd Christian vessels, putting them 
to work on building fortifications or in rowing 
their galleys. 

The Barbary corsairs were not suppressed until 
the beginning of the 19th century, when the 
French conquest of Algiers in 1830 finally put 
an end to the nuisance. Probably they could 
have been put down much sooner if the Euro- 
pean powers had really been united in wanting 
to get rid of them. » 

The pirates about whom w'e know me t, how- 
ever, are the ones of European origin wno w'ere 
to be found mostly in tropical seas and on the 
cast coast of what is now the United States, in 
the late 17th and early i8th centuries. It was 
then that there lived some of the most notorious 
pirates, such as Henry Aveiy', William Kidd, 
and Bartholomew Roberts. Among them were 
at least two women pirates, Mary Read and Ann 
Bonny, who wore men’s clothes and were bold 
and daring enough to pass for men even among 
their shipmates. It is from the histories of these 
people that most of the best-known pirate adven- 
ture stories are drawn. Daniel Defoe, the author 
of Robinson Crusoe^ wrote about Henr>' Avery; 
other stories are lo be found in Andrew Lang's 
7 rue Story Book, while R, L. Stevenson’s Treasure 
Island and Captain Hook in J. M. Barrie’s Peter 
Pan have the same background. 

This outburst of piracy \\ as one of the results 
of the race among the European nations to get 
at the wealth of the New' World. The Spaniards 
and Portuguese were first in the field, and the 
latecomers — the English, the French, and the 
Dutch —were only too glad to make use of pri- 
vate adventurers, without inquiring too closely 
into their activities. In some of their exploits 
against the Spaniards even Drake and Hawkins, 
for instance, were little better than pirates. 

During the 1 7th century the prospects of lo- ^- 
ing the ill-protected Spanish settlements in the 
Americas attracted men of a much rouglier and 
more lawless type — fugitives from justice, run- 
away servants, and the like. The English and 
French governments still used the services of 
these ruffians, or ‘buccaneers’ as they came to be 
called, because their own regular navies were too 
small to protect isolated colonies, and also be- 
cause the buccaneers brought in Spanish gold 
and silver. Towards the end of the 1 7th century, 
as conditions overseas became more settled and 


regular navies grew stronger, the English and 
French governments gradually came to disov)^- 
the buccaneers. 

The favourite haunts of the piratqs were in 
the islands of the West Indies, where tho buc- 
caneers of old had had their centre. The numer- 
ous islets with hidden inlets afforded good lurking 
places from which attacks could be made on 
ships plying between the Spanish colonies, or 
between Europe and North America. Th# 
pirates also robbed shipping in the Pacific 
Ocean (then known as the South Seas), off the 
west coast of Africa, and in the Indian Ocean. 
There w'as a notorious pirates’ base in Madagas- 
car, w hence they raided vessels belonging to rii h 
Indian merchants and princes and sometimes 
also European merchantmen. Captain William 
Kidd was sent out from England in the ycai 
1G96 to put dow'ii these pirates in the Indian 
Ocean. But Kidd had been brought up in tin- 
buccaneering wars, so he himself turned pirate. 
He w'as arrested and sent for trial to England, 
where he was condemned and hanged in 1701. 

The pirates used whatever kind of vessel thev 
could lay hands upon — some pirate careers began 
with the theft of a fishing-craft by a handinl ol 
men in a rowing boat. Experienced crew's liked 
fast light vessels, with shallow enough drauglit 
to enable them to slip into creeks and rivei 
mouths where heavier crait could not follow 
them. Theii w^ay of life was violent and un- 
di-sciplincd. They were great drinkers of rum, 
and it was said that a pirate who was too often 
sober would be suspected by liis f<ilovvs ol plot- 
ting to betray them. Although a pirate crew 
often started by agreeing to share spoils cveriK 
and to respect their w'omen prisoners, it seems 
that these agreements were seldom kept. UsualK 
the pirates elected their own captains, and oni\ 
the most ruthless could hope to keep authont\ 
over them for long. Such was Edw^ard Teadi. 
or ‘Black-beard’, who used in fights to twiM 
lighted tapers into the ends of his hair, and to fm 
loaded pistols under the table at his lieutenani^ 
as an after-dinner pastime. 

In early days pirates often had a good deal o' 
support from those on shore. The inhabitan? 
of lonely settlements were glad of their protci 
tion and of the gold pieces which the pirati 
spent. 1 he Madagascar pirates were at one tim 
fitted out by otherwise respectable merchants (< 
the English colonies in America, who found thi 
the cheapest way of getting valuable goods froi 
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the East. I 5 ut in time me pirates became less 
, ^come. They then grew more brutal and took 
to robbing all kinds of craft, until everyone on 
shor.e united to get rid of them. By the middle 
of thc»i8th century, the days of the most famous 
pirates were at an end. 

That was noj, indeed, the end of piracy. Tliere 
was a serious ‘epidemic’ in the 1820’s in the West 
Indies, when the Spanish American Colonies 
were in revolt and the American and British 
navies tried to stamp out the slave trade. Even 
to-day there arc Chinese pirates who live by 
lobbing coastal shipping in the neighbourhood 
of tiong Kong. A gang of pirates will board a 
coastal steamer disguised as passengers, and when 
well away from shore, seize control and hand 
over the ship to junks which, manned by tlieir 
associates, have been lying in wait for her. 

But tc^ the world’s sea -1 )orne trade as a whole 
pii a( y’ IS no Inngvr, as it once was, a serious 
menace. 

See also Si', A 'rRAVTSL. 

PLACE-NAMES. 11 le most jirimitive peoples 
^yjve names to lluli villages, and the earlies^^ 
written records we jios.scss contain the names oi 
. ^'tics. These names are generally in some way 
descriptive of the place: they indicate v\ho estab- 
lished the fust settleiiu'iit, who lived there, what 
was its geographical situation or character, v\hat 
had happened there, 01 some such I'act. Thew 
lore we can often learn something about a place 
Ijy studying i^s name- - though of course modern 
imitations often confuse the matter. \v"c can i 11, 
llo^vevcr, that if a place-name ha.i -rheslei', 
-caster, or -cester in it, there was probably once 
a Roman camp {(a.st?a'\ there; if a name has 
a^ reference to an Anglo-Saxon god, such as 
vV^Ine.sbur)^, Kent (Woden), or T'hundcrsley, 
I'Lssex (Thor or TTiunor), \^c can guess that an 
Anglo-Saxon settlement was made there before 
the Anglo-Saxons were eon verted to CTiris- 
tianity; or if it is made up with, for instance, ti. 
words by and thorp (settlement), sucli as Grimsby 
or Scunthorpe in lancolnshirc, it probabh 
had a Viking foundation. Place-names sui b as 
Oxford or Swiiiford obviously indicate that at 
these places, before tlie days of bridges, the rivei 
could be forded by oxen by swine {see boRi:> 
AND Ferry). 

The origin of many place-names in the British 
Isles can be traced to the various periods in 
British history^ when the language has been 


PLACE-NAMES 
affected by large settlements of people speak ’ITg^ 
another language {see English LANbuAGEV^c 
can see from the names how, after the^^nglo- 
Saxon invasions in the 5th and bth centuries, the 
British language survived mainly in the West, 
in Cornwall, Wales, and Cumberland. In these 
parts, thcrel'ore, we find tht names Axe, Exc, 
Usk, and Esk —all derivt*d from an ancient 
British word of which isca ‘water’ is an early 
form, and rivcis named Derwent, Dart, and 
Darent, which come from a British word mean- 
irig ‘river whtae oaks arc common’. Some names 
derived fioni ancient British words survived in 
other jiarls of England as well as the West. Mal- 
vern lomes from Biitish words meaning ‘bare 
hiir, and the word pen meaning ‘hill’, found in 
a great number of Welsh names, is also found, 
for instance, in Yorkshire and Derbyshire. The 
British word ceto ‘wor^d’ appears in the names 
Gliute Forest and Clietwode in Buckinghain- 
sliire. Eccles and Ecclesfield come from the 
Britisli woid edes which, like the Welsh eglwys 
‘chuiclf, is derived thiough Latin from the 
Cheek etdesia ‘gMlhering’. The English often 
called th(‘ British s(‘Ltlements which remained 
among them Walcot or Walton from lualli the 
Anglo-Saxon word for ‘foreigner’, which they 
came to use loi the Ih itons, atrcl which has sur- 
vived to this day in ‘Wales’ and ‘Welsh’. 

The Arglo-Saxons ra!!(‘d the Roman roads 
they founc‘ 1 Biitain strfj, a word whic h origin- 
ally came j nn the Latin stjatu, a ‘j)aved w<ay\ 
Therefore places calk'd Street, Sireat, Stratton, 
Strcathain, Stralfcac*, Stratfii^ld, Stre.itlcy are 
Tins named because they iiioslly lie on Roman 

roads. 

The Anglo-Saxons or English, as v\e know, 
named jil.n es, as they named the days of the 
week, aftcT their trilial gods, cspec ially the pre- 
histoiic earthworks, half suspected of being the 
work of supernatural powers. Sometimes the 
earthworks were ';iven names .such as Griinshury 
or (irinfs Ditch. Chun, which is related to the 
t.)ld English w^ord grma, ‘a mask’, was a name 
used for Woden, tlie chief' of the Norse gods, 
because of the god’s habit of going about in 
disguise. The name ‘maiden’, as in Maiden 
Castle or Maidenbury, appears at least fifteen 
times in the British Isles, and is often associated 
with prcTiistoric' EARniwemKS (q.v. Vol. I); the 
word may iiulk alt that these were thought never 
to have been captured. Curiously enough, a 
Byzantine fortress in Macedonia is called Avret 
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mssar (Maiden’s Tower), and there is an Arabic 
^^2^cl-BanSt, ‘Castle of the Maidens’, on the 
road fiCm Aleppo to Antioch. 

Early English place-names,* particularly in 
Kent and South Hampshire, often end in -ing 
or -ingham, the first part generally being derived 
from a personal imme. These indicate settle- 
ments made by a chief with a band of followers. 
Thus Reading and Hastings are places where 
‘the people of Read (a)’ and ‘the people of Haesta’ 
oiiginally made a settlement, and Sickingen 
in Germany means ‘Siggo’s peopl/;’. Names of 
counties oiten originated because of a '^roup of 
people who settled there. Norfolk ana Suffolk 
mean ‘northern people’ and ‘southern people’, 
and Sussex and Middlesex ‘south Saxons’ and 
‘middle Saxons’ ; and Amiens, Rheims, and 
Soissons in France arc from names of Gaulish 
tribes. 

English place-names often consist of a simple 
desciiption of a place, as, for instance, Downe 
in Kent, which means ‘hill’, or Nettlebed in 
Oxfordshire, the meaning of which is obvious. 
Sometimes they consist of a word for a home- 
stead or village, such as ham, ton, ivotlh, wick, 
stoke, borough, or bury, combined either wdth a 
personal name (Padworth in Berkshire means 
‘Pcada’s enclosure’), or with a woid which 
describes the settlement or its site, like the com- 
mon Norton and Sutton, ‘north’ and ‘south 
village’. In the north-cast of England, where 
the Vikings raided and settled in the 9th and 
loth centuries, they have left their mark in the 
characteristic place-name elements of by ‘settle- 
ment’, ihwaite ‘clearing’, holme ‘island’,/^// ‘hill’, 
and dale ‘valley’. 

Descriptive names such as Blaxton ‘black 
stone’, Radcliffc ‘red cliff’, and Whitchurch 
‘w^hite or stone church’ are common, as aic those 
marking an occupation, as Polterton, Bickerton 
(bcc-keepei-tow’n), and Woodmancole; a crop, 
as Barley Ryton and Wheatley; or an anima’ as 
Oxton and Shapwick (Sheep farm). 

I’hc Normans, who came in the late i ith cen- 
tury, bringing to Britain the early form of the 
French language then spoken, often gave their 
surnames to the places the%' owned. Thus U 
Pugpis has become ‘Poggs’ in Broughton Poggs 
m Oxfordshire and ‘Poges’ in Stoke Poges in 
Buckinghamshire. Stogursey in Somerset w'as 
originally Stoke Courcy, because the manor was 
helcfjby William dc Curci or Courcy in the time 
of Henry I. The place-name often shows the 


class of person who once held the land under 
the feudal system. King’s Sutton or Lyme Reri 
for instance, once belonged to the King; PriirS:e 
Risborough and Earls Barton to a prince 
earl; Compton Bishop, Kingsbury Episcop’ 
(Latin for ‘bishop’), Nuneaton, Monks l^is 
borough, Canonsleigh, belonged to ecclesiastics 
and I’emplc Newsam belonged io the monastic 
order of the Knights Templar. 

Many names given by the Normans include 
the adjective beau or bel, ‘bcaulifur : for example, 
Beaumont ‘beautiful hill’, Beamish ‘beautifuJ 
mansion’, and Belvoir ‘beautiful view’. Tlu 
common French place-name word, ville ‘town’, 
appears at a much later date, as do also ili<- 
English burg and ton, and even the (heek pohs^ 
in the making of place-names in the U.S.A., 
such as Maryville, Pittsburgh, Charleston, and 
Minneapolis — the first part often being the name 
of a person. 

Field-names arc sometimes very old, and can 
be traced back to landmarks mentioned in tlu 
boundaries of estates in Anglo-Saxon chartei.5 
But the greater number arc quite modern, an I 
often consist of nicknames. Some ate com 
idimentary, such as Eden Gat den. Fill lubs, 
and Largess, but uncomplimentary ones, such^ 
as Beggars Bush, Hungry Hill, and Little \^'ort^ ' 
arc more common. Names such as these aic 
often found in American place-names. In Cali- 
fornia there arc Hungry Valleys, Greeks, and 
Hollows, and places called Humbug, whcic 
prospectors failed to find gold ; and in New found- 
land there are Famish Ciove, Empty BaskM, 
Breakhcart Point, and Pinchgut Point, as well 
as Safe Harbour, Heart’s Desire, and LittJt* 
Paradise. 

See also Names. 

PLANETARY TRAVEL, set Ini’ER-Planm AK^ 
Travel. 

PLIMSOLL MARK, see Safety at Sea. 

POLAR EXPLORATION, see Snow and b 1 
Travel; see also Vol. Ill: Polar Regions. 

PORT OF LONDON AUTHORITY, 

PoR'rs, History of. 

PORTS AND HARBOURS. A harbour is 
place with water deep enough to float vess< 
free from obstacles to navigation, and sheltci 
enough from storms to allow ships to lie tin ' 
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in safety. A port is a harbour which is regularly 
used by a busy community on shore for loading 
dfWunloading ships’ cargoes. With the growth 
of sea communications during the last century, 
prattically all harbours in densely populated 
countries have become ports. Most ports are 
found at the mouths of navigable rivers, or some 
way up their course, or on sheltered arms of the 
sea, as in the case of London on the I’hames, 
Liverpool on the Mersey, Glasgow on the Clyde, 
Southampton on Southampton Water. London 
is the greatest port, not only in the British Isles, 
but in the British Commonwealth, dealing 
annually with ships 'of a registered tonnage ol 
45 million, and carrying 39 million tons of cargo. 
Some other of the biggest ports in the world arc 
New York, Antwerp, Rotterdam, and, before 
the Second World War, Hamburg. 

A modern port must allow ships to make a 
quick Iturn round’ between trips, for a ship costs 
a good dca' oi *i.ooey to r» ii, yet earns it only 
when at sea. 

All big ports are run by a governing body. 
Organization is complex, and differs in the ports 
of the world. It c ^n be broadly divided into 
sections — the one dealing with ships, the 
otlier with cargo. 

Safe navigation is essential for ships {see Light- 
houses AND Lightships, and Buoys). Most 
ports have a channel kept clear by Dri.do.ers 
(q.v.). London, whose tide rises and falls about 
‘20 Icrf't, has a dredged channel 30 feet deep at 
ordinary low water and 1,000 feet wide. This 
allcnvs vessel? up to 35,000 tons to r^avigate up 
the Thames. 

When a vessel comes near a port, it is usually 
hoarded by a Pilot (c]-v.) who advises the ship 
master. The Port Health Authority sends its 
ofliccrs aboard to see that the ship is free from 
infections diseases, and, if eccssary, to send in- 
lected people to hospital. All ports issue traffic 
lules, in which sound signals, lights, prohibited 
<inchoragcs, and other details are laid do\ 
I'owage services arc maintained by the poit 
authority and private firms {see Tugs). rh(‘ big 
diip-tugs which help large vessels in and out ol 
docks arc used not so much to pull the vessels 
as to help them to manoeuvre. 

If the ship is carrying "'cncral cargo, it will 
usually be moored alongside a quay or pier. It 
may be secured to a mooring buoy, and the 
cargo discharged over the side, into barges or 
coasting vessr^" London and Liverpool the 
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DlhCHARc.lNU lEA AT LIVERP^XJL DOCKS 

big difference between the levels of high and low 
water h... ’-‘d to the building of enclosed docks, 
the water which is kept at a constant level by 
pumps. Ships lie alongside the cpiays in these 
docks, clways at the same level, whatever the 
height of the tide in the river ouLside. Vessels 
enter and leave through locks which, in prin- 
ciple, are the same as those on canals {.see Locks 
AND Wlirs). Southampton has less tidal range 
{see v’ol. Ill) than the Tliamcs, and the 

greater depth at low water allows large ocean 
iineis, sucli as the Qiieen Mary and Queen Elizabeth, 
to lie at open quays; there is no lock between 
them and the ..... Small vessels and craft arc 
Mot so much affected by the rise and fall of tide. 
Hundreds of wharves line the Thames at which 
barges, coastcis, and even ocean-going shii)s, 
although afloat at high water, sit on the mud at 
low tide. 

In addition to the great ship-building ports in 
the north of Britain, where long overhauls of 
vessels take place, all large ports carr>^ out main- 
tenance work and ship repairs, often in * dry 
Docks (q.v.), which allow engineers and painters 
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work on the under-water parts of a vessel’s 
'huJL All ports provide ships with supplies of 
freshNstater as well as coal, oil, and petrol. The 
fuel may be loaded direct from the shore or from 
a special ship. 

A port must be easy of access to the inland 
population which produces goods for export and 
consumes tlie food or raw materials from over- 
seas. Thus the port must be well served by 
arterial roads, rail connexions with a main line, 
and inland waterways. An enormous number 
of packages is handled in a lar^e ship, and 
their movement employs a constant stream of 
road vehicles, rail trucks, coasters, ano barges. 
If this distributive transport were not available, 
all our ports would speedily become choked with 
cargo and with ships w'aiting to unload. So the 
lay-out of a modern port must include railway 
Marshalling Yards (q.v.), where goods trains 
can be ‘broken up’ and the trucks shunted along- 
side the ship; it must have loading bays for all 
forms of land transport; it must also provide 
tugs to tow barges to and from the steamer 
berths. 

\Iuch cargo is loaded and unloaded by ships’ 
derricks, movable arms attached to the bas(* of 
a mast. For \eTy hcav^ objects, such as h^co- 
motives and larg^ pieces of machinery, the bigg(‘i 
ports maintain a floating crane to lilt n^cights up 
to 150 or even 200 tons. The lighter kinds ol 
‘bulk cargo’, such as loose grain, seeds, and nuts, 
are discharged by suction elevate )r.s, on the y^rin- 
ciplc of a vacuum cleaner. Floating elevators 
alongside the ship may suck up the bulk cargo 
and discharge it into barges, or the ship may 
be taken alongside a granary or mill, where 
fixed elevators will suck the cargo into storage 
chambers. 

Wide use is also made of mechanical Con- 
veyors and Cranls, Luts and Hoists (qq.v. 
V’ol. Vlllj. In many ports, cargo can be safely 
stored until needed in large Warehouses (q.v. 
Vol. VII), specially equipped for such things as 
frozen meat, dairy produce, leaf tobacco, and 
wool. 

A large reserv’c of labour is important in a 
big port. Besides pilots, dock-masters, engineers, 
watermen, crane drivers, tug crews, and other 
highly skilled men, an army of dock labourers 
finds employment, for a great deal of cargo can 
still only be dealt with by hand. Stevedores are 
the skilled men who load and discharge ships. 
Men who handle cargo at British ports are all 
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now employed by the National Dock Labour 
Board. 

Ports used by passengers need landing-sta^s, 
baggage halls for the (Customs’ examination, and 
railway platforms near the ship. 

PORTS, mSTORY OF. The first ifhips wck 
small and needed no artificial pArts. d’hey tied 
up to trees, posts, or mooring rings at the river- 
side, and w^ere loiided by gangways up whicji 
lines of slaves could w^alk carrying goods. Sea- 
going vessels could be beached in shallow watci 
and w ere built with extra strong hulls to stand the 
.scraping of gravel and sto'ncs. Sheltered cove. 
and river mouths were the obvious first harbours, 
since calm w ater w^as necessary for beaching and 
unloading. When Julius Caesar came to Britain 
in 55 B.c. his ships w^ere drawn up on shore, and 
damaged because he was unused to tidal watcjs 

River harbours existed at a veiy early datt*; 
there were twT) in the Sumerian city ol Lr fcj \ 
\^ol. I); the great Kgyptian capit.ils ol'Mernplus 
and Thebes were river ports. 'J'he port otWlInais 
was Piraeus, which is a piornontory ^vith a land 
locked liarbour on the west and two small har- 
bours on the east. It was first built as .1 na\ai 
base with docks and ‘shiy>-h(mses’ (wliich wr'ie 
dry docks 150 feet long and uo feet wide) ; lair 1 
it was equipped with quays and warehmises ioi 
trade. The Long W^alls (onneeted the j)ort with 
Athens and made the latter safe from starvation 
in case of sit g(‘. 

The great port and eit\ of Syracuse on the 
east coast of Sicily is .said to liavc been Ibundr d 
by the (jreek.s in 734 n.c. The original settle- 
ment was in the island of Ortygia, whith u.is 
joined to the mainland by a mole in the ()th cen- 
tury ICG. 

When Alexander the Cheat conquered Kt>v}>t 
in 332 B.G., he determined to build a port whir li 
would keep open his communications with 
Europe and take the place of conquered 'J V‘ 
in the trade of tht* Clreek w'orld. He sailed dov\ 1 
the Nile from Memphis and founded his i 
Alexandria, on a neck of land between the s(’ 1 
and Lake Mareotis. Three-quarters of a mil' 
distant lay the island of Pharos. Alexandr ’ 
ioined it to the mainland by a stone mole. 'L 
the east of it was the great harbour, and 1 
the west the naval port with an inner basii' 
The harbours were given a trading cxchan^' 
magazines, and proper docks. Two hundre 
years later the Great Lighthouse was built <> 
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Plhiros Island, iht* fiist Lk;iitiiolisk ((| v.) in the 
world. 

'J'hc PlK '-i'’ ■ ;r!S, and Romans undn- 

stood clcaily the needs of sea power and cIios(‘ 
tlieir harbours well. 'I'licy had the en.i^ineering 
skill and unlimited slave labour to build moles 
and sea walls. Their cornintTce was so developed 
•as to make the crLction of docks, wharves, a. id 
warehouses necessary; they levied customs duties 
to pay for the upkeep of the harbours. They were 
fori unate in living on the shores of the land- 
locked and almost tideless Mediterranean sea, 
which simplified engineering problems. 

'I’lie most important haibour ofRcmian Britain 
was Richborough (Rutui)iae), on the west bank 
of the chaniR-l wdiich then separated the Isle of 
T’hanet from the mainland of Kent. 'Hie original 
lor tifications wTre erected by a landing party in 
AD. 43 and used as a base for the Einjicroi 
('laudius\s conquest of the country. A liuge 
ma.sonry lia.se was erected for a lighthouse; 
magnificent buildings w Te put up, and mer- 
chants thronged the haibour; thousands ol 
Roman coins found there testify to 400 years of 
business. As Roman London grew in im’ n- 
uincc, ships sailed up the IBames to VValbn.oiv, 
where the first fort was built; two rivei gates 
existed at Billingsgate and Dowgate. The ports 
of Britain became increasingly busy as the 
country developed into a granary for Rome. 

When the Romans Hft Britain, their great 
ports decayed. Saxon ships, like the Viking ships 
after them, were beached in shallow harbours or 
tied up in the rivers. The Viking Ships (q.v.) 
were provided with a rope to pull up the steer- 


ing oar to prevent its being damaged when the 
ships were dragged up the shelving beaches. As 
Lnglaiid, however, developed into a nation the 
five ports nearest to France -Sandwich, l)o\er, 
ll>thc, Romsey, and Hastings — liecamc impor- 
tant for trade and defence. I’hcy are mentioned 
in Edvvard the Conlcssor's lime, and William 
the Clonqueror set aside these ‘Five Ports’ or 
Cinque Ports, and the coast-line on which tliey 
lay, as a division — like a county. In the days 
before a regular navy was set up, tlicsc ports liacl 
to provide ship.s and seamen for defence. In 
return *“^7 had many privileges, such as exemp- 
tion froi. axes and tlic right to hold their own 
courts ol lavv. At their he.nd was the Warden of 
tile C'lique Ports, who lived in Dover Ca.slle. 
'I’he ollicf' of w'arden still exists, and is conferred 
as an honour upon some great man of' the time. 
'J’he .sea has now receded, and only Dover still 
remains an important port. 

The gx.jwing trade of the Middle Ages led to 
important developments. It became customary 
for the maritime nations to have their ‘streets’ or 
head-quarters in most of the great ports of the 
East. By 125 ♦he English had their ‘street’, for 
instance, in the port of Acre. Exclusive privileges 
w ere granted to the great Chartkrkd Companiks 
(q.v. Vol. VII), as well as the mcrcliants of the 
HanjEatig League (q.v. Vol. VII), who had a 
depot in London. From the beginning of the 1 3th 
century certain ports were set aside to handle 
all the wool cx[jorted from the country to make 
it easier to collect the customs duties. These 
were called Staple towns, and the chief of them 
w'as Calais. 
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dLondon, which lay at the centre of Britain’s 
road system 'and also on the Thames, gradually 
grew into a great trading port. London Bridge 
(q.v.) marked the upper limit bf navigation for 
sea-going vessels. There were quays enough 
along the river for the shipping of the day, and 
small boats in theii^ hundreds to help unload or 
to ferry passengers across the river from the 
‘steps’ which led down to it. The masts of the 
Thiunes were to the Elizabethan a sign of his 
country's greatness. The new naval dockyard 
at Deptford founded by Henry VI 1 1 was under 
the control of Trinity House (q.v.), the orpora- 
tion which is still in charge of all coastwise lights 
and navigation signals. It was at Deptford that 
the Golden Hind (q.v.) anchored on returning 
from Drake’s voyage round the world. 

In the west of England, Bristol w^as rising 
rapidly to pre-eminence. The harbour had been 
improved in the 13th century by the cutting ol 
a new channel for the River Frome. Then its 
Company of Merchant Adventurers (q.v. Vol. 
VII) was formed, and from its quays John and 
Sebastian Cabot set out in 1497 on the voyage 
to Newfoundland. Bristol remained the greatest 
of the provincial ports, engaged mainly in the 
slave trade, till the 19th century. 

The docks at London date from the 1 7th cen- 
tuiy, when the increasing size of ships and volume 
of trade made it necessary to undertake the 
building of enclosed basins in which the w’atcr 
level could be maintained at low tide by means 
of gates. The first basins were built at Rothcr- 
hithe, Deptford, and Blackwall, where the East 
India Company berthed its ships. There were 
over thirty landing places by this time on the 
north bank of the Thames, and London was the 
busiest port in the world except Amsterdam. In 
the early 19th century the first modern walled- 
in docks were built for London shipping; they 
were at Poplar, Wapping, and Rotherhithe. 
Later came the large Royal Albert and Victoria 
Docks, to take the biggest ocean-going vessels of 
the day. Then a line of docks was built at 
Tilbury. 

In 1900 a Royal Commission was set up to 
investigate the running of the I .ondon docks, and 
to make suggestions for their improvement. It 
reported that the river was in need of dredging, 
and that the port was not re-exporting as many 
goods as it had done earlier. In 1908 the Port 
of Lyndon Act set up the Port of London 
Authority, which now controls the port, though 


Trinity House is still responsible for pilotage, 
lighting, and buoying from London Bridge Se- 
wards {see London, Vol. III). After the First 
World War, the vast new King Geoi.gc V cjock 
was added to the Port of London. • 

In the 19th century with the coming of the 
steamship came the rapid rise of the port ol 
Liverpool, made cflicient by t^e continuous 
dredging of the channel. The long series of do( ks 
is planned like those at Tilbury. The building 
of the Manchester Ship Canal (q.v.) in 1895 
made the inland city of Manchester an oceanic 
port. In the same way Hamburg, 75 miles from 
the sea, has been made a veiy important poi t 
by dredging the River Elbe. 

Ports are always changing. The great ports 
of the past, such as Richborough and most ol 
the Cinque Ports, have ceased to exist through 
coastal changes; some, such as King’s Lynn, have 
been outstripped by rivals; others hav6 been 
developed by the coming of the railway or have 
declined because the railway by-passed them 
Passenger traffic keeps Southampton busy, while 
naval bases flourish at Portsmouth and Dev 01 
port. London and Liverpool vie for lcadershii3 
in Great Britain to-day becau.se they lie athwart 
great trade routes — and ports exist mainly by 
virtue of serving trade. 

See also Ports and Harbourj. 

PORTUGUESE LANGUAGE, yet Spanish and 
Portuguese Languages. 

POSTMARKS AND POSTAGE STAMPS. 

Post Office officials mark the outsides of letters 
or parcels in certain ways to facilitate their pas- 
sage through the post. These postmarks may 
refer to dates of posting or of receipt, or to the 
amount of postage paid or due. They may give 
instructions for special treatment, as with .1 
registered packet. The earliest British poslmai ks, 
appearing in manuscript on Tudor letters, stated 
that the letter so marked concerned ‘His or Hci 
Majesty’s Special Affairs’, and instructed the 
messenger to ‘Haste, Post Haste for Life for Life' 
In 1661 hand stamps were introduced for mark- 
ing letters with a small round postmark giviiii 
the date of posting. In 1 663 another hand stani] 
making an oblong mark, was introduced to inch 
cate the amount of postage due on incomin 
overseas letters. Until adhesive stamps came i’ 
however, the amount of postage paid or to 1 
collected on letters was more generally writh 
in black or red on the front of tlie letter. Durii 
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A MID-igriI-CENTURY LFFORT TO INTRODUCE A WORLD PENNY I^OST 

Envelope decorated with propaganda and bearing a ‘penny red’ stamp, which succeeded the ‘penny black* 


the late i8th and early 19th centuries improved 
date-stamps wertf adopted with more modern 
designs. 

In 1840, when the penny post was first intro- 
duced by Rowland Hill, the first postage stamps 
were issued. Stamps, as well as stamped letter 
sheets and envelopes, were placed on sale for 
public use to facilitate postal operations and in 
particular to bring to an end the system of 
collecting postage on delivery. The earliest 
British stamp was the id. black. This stamp bore 
the head of Queen Victoria copied from a medal 
designed by William Wyon of the Royal Mint, 
and engraved by hand. 

To-day more than 7,000 million stamps are 

used in Britain in a 

year, and are printed 
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EXPERIMENTAL DESIGN FOR 
PENNY STAMP, 1839 


in enormous numbers 
by quick modern pro- 
cesses. They arc print- 
ed OJ» specially water- 
marked paper and, 
apart from stamps of 
high value, by a pro- 
cess called photo- 
gravure. Reproduc- 
tions of the artist’s 


design are transferred by a photographic pro- 
cess and reproduced by etching on copper- 
covered rollers from which the stamps are 
printed. Stamps of value from as. i')d. to /,! 
are still printed by a line-engraving i)roccs,s {sre 
Process Reproduction, Vol. VII). 

The stamps on letters arc cancelled in sorting 
i)flices for the most part by high speed stamp 
cancelling machines, which overj)rint the stani]) 
and also impress the date and lime of ])osting on 
the letter. 

See also Vol. IX : Stamp Coi.LFfTriNO. 


POST OFFICE, fflSTORY OF. Human beings 
normally communicate with each other by signs 
and speech, but when sepaiat(‘d by a distance 
greater than the range of vision or sound, they 
send a mc.ssage. In the earliest time Messengers 
(cpv.) delivered such messages by word of mouth ; 
but after writing became common, they wci<* 
given letters to carry. Originally the messenger 
carried his letters the whole distance, sometimes 
on foot but generally mounted: but it was soon 
found that his journey could be speeded up if he 
changed his horse for a fresh one at each stagf 
or post along the road. Later, when letters b< 
came numerous, it was arrangcd,for them to b 
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passed from messenger to messenger or from post 
to post. This is the origin of the postal system in 
all countries. There are many references to such 
systems in,the Bible and in the early histories of 
Persift^ Greece, Rome, and Cliina. 

•In this country the postal service developed 
from the’ Kind’s Messenger service — a service 
which still exists under Foreign Office control, 
for difldent purposes. Messengers known as 
heralds, pursuivants, nuncii^ or cutsorii were em- 
ployed by all monarchs to convey dispatches 
under royal warrant. They travelled the road 
demanding fresh horses and guides in the King’s 
name from the authorities in the large towns on 
the way. London had to keep at times a stud of 
horses available for the use of the Royal mes- 
sengers, and when not required for the use of 
the King’s messenger service, these horses were 
made available for hire by the general })ublic as 
hackney hoises, a service which later developed 
into the h'lrk carriage and Stage (Ioagii 
stTvices (q.v.). 

About if)T2 Henry Mil appointed Brian 
Tuke, one of (Cardinal \V(ilscy’s ofljci^ils, as 
Master of Posts, ar J his duty was to oigani/(' 
posts along the roads by means c>f which 

royal messengers and ofliccrs of stale could travel 
in person, or news and instinct ions could l)c sent 
by letter at the speed of a horse. As lime passed, 
such arrangcrneiils became lairly well estab- 
lished, and the dut\ of maintaining horses and 
men ‘ready to meet royal lecjuirernents was 
tiansferred to iiinkee[3ers in ihc yiost-towns. 

1 hese bee.ime in efiecT Postruasteis in rhari?(‘ ol 
post-houses. Gradually the pul>li(' began to use 
mis service more and more lor [)i i\ ale li avel and 
fur sending letters under pri\at(' arrangements 
with the Postmaster-innkeepers. 

During (.hieeii Klizaliclh s reign the raining 
of letters became mueh more confined to the 
royal posts. Under a proclamation ol i') 9 * 
yiiiblic were required to use only the royal sei vice 
for travailing and lor sending their letters abi^ mL 
The object of the rule was to enable a watch .o 
be kept over the comings and goings of plotters, 
and over the circulation between this eountiy 
and the Continent of letters dangerous to the 
state. The proclamation w as repeated by James , 
no doubt for a similar reason. 

The public who usee: diese services were le- 
quired to make their own arrangements foi pay 
ment with the various postmasters. In i >3.)i 
howiwer, King^CUiarles 1 issued a yiroelamation 


throwing open to the general public the royal 
system of posts for sending letters,* but not for 
the hire of horses, on condition that letters were 
paid for at a price based on the distance covered. 
I'his postage was intended by the King to help 
in meeting the heavy cost of maintaining the 
service, then estimated at about £3,400 a year. 
Thomas Withcrings, a courtier of experience, 
was made Chief Postmaster to organize the 
system. The Civil War of 1 642-52 interfered w’ith 
the development of the system; but after tlie 
war Crornwoll decided to maintain and develop 
it a.s a parliamentary instead of a Crown institu- 
tion. By an Act of 1657 he placed the control 
directly under a minister, a mcm])er of Parlia- 
ment to be known as a Postmaster-General, with 
an office in London to be known as the Gcnend 
Post Olliec. Under Charles H, James II, and 
William TIT the service was developed still 
fui tiler, and the revenue from it became a 
valuable source of royal income. Dates of post- 
ing began to be stamped on letters from 1660, 
and a London Penny Post, started by William 
1 )oekw ra in 1 680 as a private venture, was added 
lo the Stale postal service in 1682. 

A eonlinual source of difficulty at this period 
was the fact that postmasters could easily divert 
to their own poc kets money w'hich should have 
gone" to the revenue of the Post Office. They 
generally did this by diverting letters from one 
road s\s' ni to another by unofficial cross-posts, 
so that y avoided London, the only place 
wiiere the postages on letlcis w'crc assessed and 
ehec kc‘d. 'I’his difficulty was largely overcome 
ill the i8lh century when travelling surveyors 
were appointed to cheek the contents of the 
mails. Ralph Allen of Bath (1694-1764) set up 
official ero.ss-j)osts joining one main-road system 
with aiea’-T. Postmasters and others, however, 
eontimic d efften to abuse the ‘franking’ privilege 
-- the ])ri\ilege of scalding letters free of jiostage, 
^^hnll had been gianted to Peers, Officers of 
State, and n^^ ibers of l^irliarncnt, and later 
c'xtended to Post Office officials generally. At 
first the sender had only to wTite his name or 
title on the letter, but in the i8th century the 
privib^ge was more closely defined, and anyone 
cxeieising his right to frank a letter had to give 
his full address. Fvcai so, the privilege continued 
to be usc‘d too freely, hankers often sending their 
friends’ letters under their owai signature. The 
privilege for individuals w as abolished in <840, 
ihoiigli it eonlinued lo be used (as it still is) for 




government communications, such as income- 
tax forms. 

In the 1 7th and i 8th centuries the postal officials 
had great difliculties with the dishonesty and 
unreliability of the poorly-paid, la/y, and ill- 
mounted post-boys. Because of this, from 1784 
onwards John Palmer’s plan was adopted foi 
sending the mails in well-guarded stage coaches, 
provided with good horses. This revolutionized 
the postal system of Great Britain, giving it a 
reputation, w^hich it still holds, as a reliable and 
efficient service. Railways displaced the mail 
coach services from about 1830 onwards. In 
the early 19th century, mainly as a result of the 
Napoleonic wars, the public began to find the 
state postal service so costly that they would 
often avoid using it, and would send their letters 
illegally by p/ivate means, such as stage coaches 
or caniers, thereby depriving the State of much 
revenue. No solution of this problem was dis- 
covered until 1837, when Rowland Hill fq v. 
Vol. V) produced his famou plan for sending 
letters at a uniform rate of id. per J oz., irrespec- 
tive of distance. This scheme secured immediate 
public support; it was made official by Act of 
Parliament and was iiitroduced in January 1840. 
Before many years had passed, most Luropean 
countries had adopted the principle of uniform 


postal charges irrespective 
of distance, and this is now 
used all over the world. 
An essential feature of the 
reform was that all letters 
had to be paid for before 
they were sent, and special 
envelopes anS small adhe- 
sive printed labels (now 
known as postage stamps) 
were introduced. Stamps, 
which were first used in 
Great Bi itain on 6 May 1840, 
have also been universally 
adopted. 

Since the early 19th cen- 
tury, other important postal 
services have been devc lopt d 
In 1838 it w^as made possil)l( 
to send money by the post \)\ 
th(‘ monev older Pawiim 
seivue (q v Wil. VI T), and 
in 1881 the simjilei nn thod 
of sending small sums of 
monev by postal oidei wa^ 
introduced. The Travelling Post Office on 
railways started in 1838 {see Post Ofuci, 
Modern). In 1841 the sy^stem of register mg 
valuable letters and parcels began, and by 1878 
a system ol compensation for tl^c loss of registered 
items m the post was wwking. In i8(ji the 
Post Office Savings Bank {see Nationai Sw’im.s, 
Vol. X) was opened, but the present system of 
savings certificates was not startecl until 19 ii 
'Phe parcel-post scr\’ice both for overseas and 
inland delivery w^as working by 1883 In re( eni 
years the postal services have been fuither im- 
proved by the introduction of Air Maii and Aiiv- 
<,RAPH services (qq.v.), and also by the use ot 
helicopters to carry mail {see Rotorc.r^h). 

The Universal Postal Union, through wIik h 
the international postal services of all countries 
arc now co-ordinated, was established in 187P 
In Great Britain, since 1870, the Post Gflire 
has been charged under the Postmastcr-Gerieral’s 
monopoly with the administration of all publn 
Tei ECOMMUNJCAiioN scrvices (q.v.). At the tinir 
the only service concerned was the telegraph 
service, which had developed under private aru’ 
railway company enterprise from the invention 
of Wheatstone, Cooke, and Morse some year 
earlier {see Teilorapiiy, Hi.story of). 

Soon after the Government had arquiied th 
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telegraph service for £10,000,000, the State 
monopoly and revenue were threatened by a 
telecommunications invention known as the 
Tfit^EPHONE (q.v.). Following a legal test case, 
however, which ruled that a telephone was a 
tciegraph, the state monopoly was assured, and 
all operators of such services for public use were 
required to take out a licence with the Post- 
master-General. These services were for the 
most part transferred to the State in January 
1912, when the Government bought the assets of 
the National Telephone Company. 

The British Post Office now transacts business 
on a vast scale. In the year 1948 -9, for instance, 
7,667 million letters were posted for delivery 
within the country and 383 million for delivery 
abroad. Two hundred and loin teen million 
parrels were delivered within Britain, and over 
S')! million were handled to and from foreign 
countries. Over 53 million telegrams were sent, 
and tliere wex^ altogether '’.ome 5 million tele- 
phones in use. 

SrcalsoPosi Oi rich, Modern, Pdsimarks and aci 
Si AMI'S. 


POST OFFICE (Modern). The work of the 
Post Office is very varied. Its primary business 
is the collection, conveyance, and delivery of 
letters, packets, and parcels, and this yields the 
largest annual income — nearly £85,000,000. It 
is also responsible for the Inland and Overseas 
1'elegraph and '1'elephone Services (c^q.v.), 
all of which have developed during die 2(nh cen- 
tury. In January 1912 there were about 700,000 
telephones; in January 1950 there were more 
than 5,000,000. The Post Oflicc remits money 
l)y money order and postal order Pay- 
ment, Vol. VII). It also undertakes various 
other State services for which its vast organiza- 
tion affords convenient machinery. These arc 
generally called agency services, and include the 
Post Office Savings Bank, the issue and reo'^v- 
ment of National Savings Ck'rtificatcs, ^xc 
payment of various Pensions (qq-v. Vol. X) and 
allowances on behalf of other Government 
departments, the issue of licences, including w'lrc- 
less and motor licences, and the sale of insurance 
and entertainment duty stamps. The Post Olhce 
is, therefore, a very larg md important national 
service, and it has a very high reputation foi 
efficiency. 

The Postmaster-General (a political appoint- 


ment) is the head of the Post Office, and is 
responsible to Parliament for its conduct. The 
Director-General (a permanent appointment) is 
the chief adviser to the Postmaster-General. The 
Minister also has as advisory bodies on matters 
of general policy a Board of about twelve prin- 
cipal officials and a Post Office Advisory (Council, 
composed of prominent men and women in 
public and commercial life outside the P(xst 
Oflire. Under the Dircctor-Gcncral, and his 
two Deputies and one Assistant Dircctur-Cieneral, 
arc a body of heads of various depailnieiits of 
the Post Ofhee and also ten Regional Directors. 
Post Office administration is decentralized as 
much as possible, Headquarters being respon- 
sible for policy, the Regional Directors for its 
execution, and the 56 Telephone Managers and 
470 Head Postmasters for its local application. 
There are altogether in (ireat Britain and 
Noithcrn Ireland some 24,000 post offices, 5,800 
telephone exchanges, and a total of about 
350,000 staff'. 

'J’he Post Office conveys the mails by th( 
ordinary transport facilities jirovided by the rail- 
ways, air corporations, and, for overseas mails, 
shipping companies. It has the right to. control 
the timing of certain trains essential for carrying 
mail, especially those on which* there arc Travel- 
ling Post Offices. Some trains are composed 
wholly or partly of coaches specially constructed 
as sor tin^ ofRers and manned with a sorting staff. 
Letters \ h an additional fee can be po.sted in 
a special |>osting-box in these coaches at each 
station at which the Travelling Post Office stops, 
riie staff' are responsible for dropping and pick- 
ing up mail-bags by means of special ti ain and 
trackside apparatus while the train travels at full 
speed -perhaps nearly 70 miles an hour. Each 
of these r^-il-bags is enclosed in a strong leather 
pouch, which is suspended from a str^ut metal 
arm. The travelling train catches the Irackside 
pouch in a strong rope net fixed to the side of 
the coach. It * ops pouches from the train into 
a similar net which is fixed on the side of the 
railway track. In this way mail can be exchanged 
without stopping the train, and a very quirk 
postal service can be provided. 

In London the Post Office has used for many 
years a special underground ‘tube’ railway, 
which runs from the Eastern District Office to 
Paddington Station, linking together, over a 
distance of miles, a number of principajf sort- 
ing offices and most of tlie railway termini north 
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of the Thames. The trains are driverless, aie 
automaticallv controlled, and run at a speed ol 
3=) miles an hour between stations. Neaily u 
million mail-bags are carried by the raihva\ 
even,- year. \Iai^-bags arc carried down to the 
railway by lifts and gravity shoots, and tipped 
into wheeled containers, which are then wheeled 
on to the trucks of the train. At their destination 
the containers are w heeled off and tipped inlcj 
a cradle, so that the bags fall on to an elevating 
conveyor which carries them up to the sorting 
o I lice. 

The Post Office supplements the ordinary 
transport services, and collects and distributes 
mail in country districts, by a fleet of some 
10,000 postal motor mail-vans; and about 1 7,000 
bicycles are used by local postmen. 

About 22 million letters, exclusive of parcels, 
are posted and delivered each day in Gr‘*at 
Britain and Northern Ireland. When the post- 
man clears a post-box, he carries the letters, 
either by mail-van, bicycle, or on foot, to the 
soiling oiTice. Here the letters are heaped on a 
table and ‘faced’, that is, the> are placed address 
‘^ide up with the stamp in the right-hand top 
corner. Small packets and newspapers are put 
aside to be treated .separately. The faced letters 
are then postmarked either by hand or by being 
pa 5 .sefl tlirough an electrically operated stamp- 
cancelling machine at the rate of about 500 a 


minute. This postmark both cancels the stamp 
and dates the letters. Any stamj^s which escape 
the impression, as well as those cmi tlie pack(*ls 
and newspapers, arc cancelled by hand. 

The letters are then sorted into pigeon-holes, 
first by counties and large towTis, and then sub- 
divided into towns and districts, ready to be sent 
on. Letters for delivery in London are forwarded 
to the appropriate delivery office according to 
the district letters and number orj the address, 
lor example, I.ondon, S.W. ii. Packets and 
newspapers arc sorted separately into mail-bags 
wdiich arc hung within iron frames called drop- 
bag fittings, each labelled with its place ol 
destination. The letters, when sorted, are tied 
into labelled bundles and drojipecl into the sanu' 
mail-bags. Registered letters and packets aic 
dealt with in locked rooms, and irnmcdiatch 
before dispatch are placed in the appropriate 
mail-bags. When the bags arc ready, they <ii<‘ 
tied up, labelled, and sealed with .spccialK 
marked scaling presses bearing the name of tli(‘ 
sorting office. In each bag is enclosed a ‘Ihll 
which states to the receiving ofHcc what are its 
contents. One of the w^orld’s largest sorting 
offices IS at Mount Pleasant in Clcrkcnwcll, Lon- 
don, where all the letters for the provinces postn’ 
in the City are sorted. Letters for distribution ii 
the centre of I.ondon or abroad go to the ccnti r. 
sorting office in King Edward Street, where tli 
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London Chief Office for business across the 
counter is situated. 

The scaled mail-bags are then sent to the 
station either by mail-van or, if the station is 
close, by electric or petrol truck. The letter 
mdils are. put on to the appropriate trains by 
postmen, though parcel mails arc generally 
iiandled by the railway staff'. At the place of 
destination a mail-van is ready, probably drawn 
up on the platform, to receive the bags. At cer- 
tain offices where the railway station and sorting 
office adjoin, the two arc linked by a subway 
and conveyor belts. 

At the d(!livcry offfee the bags arc ‘ticked-in' 
and, after careful examination of the seals, 
opened. The bundles arc then sorted for sending 
on or lor delivery. I'hose for delivery are further 
sorted by the delivery postmen into the correct 
order for their delivery route or ‘walk'. Then* 
are oftr*n redirection orders in the office for cer- 
tain addivaa^s, lette- . for these are re- 

addressed and forwarded. The registered letters 
are handed out to each postman from the special 
enclosure, and for these he must bring back a 
signed receipt to 'iiow delivery. The postmen 
then proceed on uieir rounds, often inakiug 
collections from letter-boxes on their return 
journeys. 

Behind these operational services and depart- 
ments so far described there arc large deuart- 
ments. providing all the varied equipment needed 
to keep the postal services running smoothly 
mail-bags and uniforms, cable and telephone 
equipment, motor vehicles, and stationery have 
to be provided in large quantities. The Engineer- 
ing Department has, of course, the responsibility 
for maintaining not only the motor vehicles, but 
also the plant for the Tklecommunication ser- 
vices (q.v.). A large research station at Dollis 
Hill on the outskirts of J ondon is occupied in 
work in this highly specialized field. 

See also Post Office, History of; Posi marks and 
Postage Stamps ; Air Mail; Express Lktilr. 

PRESSURE CABIN (Aircraft), see High 
Altitude Flight. 

PRIMITIVE SHIPS. Man’s first water-craft 
were probably used, not on the sea, but on rivers 
and lakes. Early settle', enls were formed near 
these, and in the days of dense forests they were 
easier than land to travel on {see River Naviga- 
tion). 


From our knowledge of primitive peoples of 
modern times, we suppose that man first sup- 
ported himsell ii),thc water by holding on to a 
natural float with his hands, such as an unhusked 
coco-nut or drill log. The next stage depended 
upon the niateiial at liaiid: early peoples used 
logs of wood, bundles of reeds, or the inflated 
skins of animals on which they could sit astride, 
or which they could build up into rafts to be 
stood or sat upf)n; in Ibrest regions jiiimitive 
man might comc‘ to use either a dug-out or bark 
Canoe (q.v.)*or coiacle, such as are still used by 
many primitive peoples. 

'fhe (oracle was round and had a frame of 
wood (usually willow) covered with the skins ol' 
animals. It was very light and could be carried 
over land when' a striUih oftlu' liviu' w'as ilifli- 
( Lilt to navigate. In North ^Xincrica trav^cllcrs 
by canoe rcgulaily' have to carry (or ‘portage') 
their boats and all their goods past Wiiterfalls. 
Coracles were much used in Britain; even now', 
covered w'ith tarpaulin, they* still survive (^n a 
few rivers; near the River Teili in Pembroke- 
shire, for instance, one may easily^ meet a cfnijile 
v)fmeii walking along tlie road with theii coiac les 
on their backs. I'he CbctT histin'ian Heiudotus 
tells us that llie Assy ii.ms used corach's to carry 
wine-casks down tin* Ri\’ei Euj)firatcs to the ( ity 
of Balwlon. TIutc the wilhnv frames w'(‘i(‘ sold, 
and the skins can i(‘d back by doiiki'vs to b(‘ 
used O'' '*1. Boats f>f this type, and also rough 
rafts sup it(Tl on inflated skins, are used to this 
day on th • 'I'igris and Euphrates. 

Another type of piimitive craft still in use in 
India, th^' East Tiitlirs, and South America is the 
catamaran. This is Rnincd by lashing together 
a group of logs, usually three; the ccntic one is 
the largest, and its fi^re end is slanted, as a cut- 
w'ater. A ^ail can lie earned in moderate weather 
if the craft is provided witli an outrigger, that is, 
a log fixed parallel to the boat, and attached to 
it with limber cross-pieces. The boat cannot 
then turn o' ' without submerging the log or 
lifting it out of the water. The Maoris of 
New Zealand (q.v. Vcd. 1 ) voy^jged 12,000 miles 
from the Cook Islands in large outrigged double 
car(,es which ran by sail before the prevailing 
north-west winds. Other inhalfitants of the 
Pacific made almost unbelievable journeys in 
these simple craft. 

Progress in the development of the boat came 
chiefly through the dug-out, but it came slWl/ 
-—and the first dug-out itself appears surprisingly 
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late in man’s history. A great many dug-out 
canoes have heen discovered buried by the rivere 
and marshes of the British Isles. In their simplest 
form they have been hollowed, often with the 
help of fire, from a single tree trunk — mere 
troughs with solid blunt ends, anything from 
8 feet to 35 feet ift length. One ancient boat 
found at Brigg in Lincolnshiie (Fig. i) was made 
from a perfectly straight oak-tree which, allow- 
ing for the removal of bark and sapwood, must 
have been very large. The canoe measured 
47 ft. 6 in. long, about 5 ft. wide, and 2 ft. 9 in. 



FIG 2 SEC I ION OF BOAl FOUND A I NORTH FFRRIBY 


deep. The log had been roughly squar d, and 
the canoe had a flat bottom and straight sides, 
except towards the bow end where it became 
semicircular. The stern end was closed by two 
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or keel plank turns up. The remains suggest tht 
boat was built up with three planks each sidt 
The seams between the planks are a remarkable 
example of early shipwright’s work: the planks 
are grooved and caulked with moss; they are 
also stitched together with wathes or twigs, and 
the seams arc scaled with a coveting sbip ot 
wood l>ing along the scam like a tape and held 
in place by the stitches The three bottom 
planks are also stiflened by timbeis {see Fig 2) 
I'he blade of a paddle was found near the boats 
The boat found at Biigg and those found at 
Fcrriby arc probably eailier than the coming of 
tlic Romans to Britain; they may be as raily as 
500 B.c. A boat (Fig. 3) found at Hjoit(‘spiing, 
on the island of Als, Denmark, in 1920, can be 
dated from about 300 b.c. and shows a ck finite 


boards, slotted into the sides of the canoe and 
caulked with mosses All dug-outs are Inible to 
crack on the side and must be patched, and the 
Biigg boat had a remarkable patch on her side 
A leaf-shaped oak board or ‘tingle’, 6 feet long 
by 6 inches in the middle, had been stitched by 
thongs to the outside of the canoe Solid ridges 
were left across the inside of the bottom of the 
canoe, to strengthen the hull. This boat is 
valuable as a stepping-stone between the pure 
dug-out construction and the complex built-up 
plank boat which we believe evolved from he 
dug-out. 

Two boats now in the National Maritime 
Museum at Giecnwich were discovered at North 
Ferriby, on the banks of the River Humber, in 
1937, and were salved in »f^6. These boats 
show a jump from the dug-out to th^ built boat. 
The more complete of the Fcrriby boats measures 
43 ft. 6 in. long by 5 ft. 4 in. broad, and is built 
of oak. The lx)ttom of the boat is formed of 
three# planks — a heavier plank in the centre be- 
tween two others, and at the bow end the central 
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advanc e in coiLsinu tion. It is built up of five 
broad oak p’l. I.", tlic one ‘m the middle loiniing 
the bottom, and has a semicircular mid-shij) 
section. The lower edge of a plank in this boat 
overlaps the upper edge of the plank below, 
‘clinker-built’ fash’ >n, and the seams are caulked 
and stitched together. Beams which serve is 
benches or ihw'arts for the paddlers cross the 
boat, and there is a scooped seat at either side. 
As well as these beams which serve as thwarts, 
theie arc other struts which serve to keep the 
boat’s shape. The ends of the Hjortespring boat 
show peculiar double stem and stern projections. 
The side planks are not carried to the ends, but 
arc sewn to 'special bow and stern boards cut 
from the solid, like tlic cut-off ends of dug-out 
canoes. Upright struts connect the ends of the 
keel plank. Such ends are found to-day in 
canoes used in the Celebes Islands in the 
East Indies. The Hjortespring boat is about 
40 feet long and could carr) some tw'enty 
people. 

A boat was found in 1863 at Nydam in 
Schleswig, south Denmark, which dales from 
about A.D. 200 and whose several new fea res 
combine to make her appear very modern when 
compared with the Hjortespring boat. The 
Nydam boat is clinker-built; both ends are alike 
(Fig. 4), and the side of the craft has lashed to it 
wooden rowlocks for fourteen oars a side. Holes 
in these rowlocks an for loops of rope with 
which to secure the oars. Benches pass across 
the boat for the rowers. A paddle-shaped rudder 
was found near the Nydam boat. There is no 


3‘33 PRINTING, HISTORY OF 

trace of the use of mast or sail. Matting was laid 
on the bottom of the boat. 

Three notable signs of progress, tneretore, are 
apparent in the Nydam boat: rowing with oars, 
using rowlocks instead of paddling, must have 
resulted in greater endurance and speed; using 
iron nails instead of stitching with withes must 
have given boats greater strength and made 
them easier to build; stem and stern posts 
erected on the ends of the keel meant stronger 
construction and speed because of less resistance 
to the water. These boats gjew into the Viking 
Ships (q.v.). In the Mediterranean a rather 
diflerent development took place. In north-west 
Europe boats were built with the planks over- 
lapping, that is, they were ‘clinker-built’. In the 
Mediterranean the skin of the boat was generally 
made of planks placed edge to edge to piescnt a 
smooth surface outside ; that is, they were ‘carvel- 
built’. 

See also Clai>sigal Siiii*s; Viking Ships. 

PRINTING, HISTORY OF. i. The ea.lhst 
known Printing was done in Asia, peihaps as 
early as the 5th century, from hand-cut wood 
blocks. A design w^ould be cut wdth a knife on 
a flat block of wood; it would then be inked, and 
paper or cloth pres.sed against.it. That method 
is still used in Britain to-day by some artists to 
produce hand-printed woven materials {see Tex- 
tile pT'iNTiNG, Vol. VII). The earliest block 
prints r ^ in existence arc Buddhist charms, of 
w'hich a 'iiillion were printed in a.d 767 by 
command of the Empress of Japan; several of 
these prints are in the Biilish Museum. At tliis 
time Japan was strongly under Chinese influence, 
and it is probable that block printing was done 
in China earlier than the 8th century. The fust 
printed book on record, a prayer-book knowr as 
the ‘Diamond Sutra’, was produced in Cliina in 
868. Wooden printing-types of Chinese origin, 
made in the 13th century, still exist, and movable 
types made c ^ clay are known to have been cast 
in China in the nth century, and piobably 
much earlier. But there is no reason to connect 
Chinese work with European printing. 

The first knowm printing with movable types 
in Europe occurred just before 1450. For some 
years earlier, a few books were being printed 
from wood blocks — that is, all the letters and 
words on a page were carved by hand, as in the 
ancient Asiatic way, on one flat piece of wood; 
a book of 100 pages would mean carving 100 




A I7Tn-CKNTURY PRINTING SHOP 

On the left are the* romposi tors settinc; type from the type cases. On the rijufht is the press, with printers inking the 
type ready for printing. Woodcut by Abraham vun VV^erdt 


slabs of wood, and from these many copies of a 
book could be printed. But the carving by hand 
of all the letters on each page was a slow process, 
requiring clever artists, and their carved work 
became useless once a book had been printed. 
The invention of movable Uq^es meant that an 
artist could design single letters, of which any 
number of copies could be made in a mould, and 
then assembled to make words and pages. When 
the printing was done, tlie letters could be taken 
apart and used again. This invention, probably 
one of the most important in all history, made it 
possible to produce many books, and helped to 
bring about the spread of knowledge, which led 
up to the developments of modern times. 

The actual invention of movable type is 
attributed to Johann Gutenberg, at Mainz, in 
Germany. The great ‘Forty-two Line Bible’ 
(which had 42 lines on each page), printed in 
H55 page 52), has been called the first 
book printed in movable type; but there were 
probably earlier ones which have been lost. A 


few years after the invention, the town of ISjainz 
was looted during a war, and printers working 
or learning there were dispersed throughout 
Europe, carrying with them their knowledge. 
The first printed book in English was one relating 
legends of the siege of ancient Troy. It was 
printed at Bruges, in Flanders, in 1476, by an 
Englishman, William Caxton, and his partner. 
Gaxton, after 33 years in Bruges, a city of learn- 
ing, moved to London, and established the first 
English printing press in Westminster. In 1477 he 
produced a book of sayings of the philo.sopliers, 
the first known book to be printed in England. 
In 1478 he issued the Canterbury Tales of Geoffrey 
Chaucer (q.v. Vol. V). 

Between 1500 and 1550, the ‘Golden Age oi 
Typography’, the printers of Europe, and parti- 
cularly of France, were scholars and authors as 
well as artists, who produced many beautiful 
books. Later, as printing passed into less skilled 
hands, there was a decline in workmanship. 

For some centuries after Caxton ’s day there 
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was almost no change in the main methods of the printers and had to go ])ack to the old- 
printing. All sheets of paper had to be printed, fashioned ways. 

one at a time, by hand, much as a housewife About the same time, priming took, a step 
to-day, having washed several handkerchiefs, forward with the development of the first iron 
‘will have to iron them by hand, one by one. piinting-prcss. Until the end of the ihtlicen tiny, 
TJie men who produced The Times about 1800, the paper and the inked type were placed in 
probabl/ the quickest printers in the country, wooden presses and squeezed by turning a laige 
could hardly furn out 250 single printed sheets screw hy hand. Tlius, much lime was lost in 
an hour. As for the composing of type, this con screwing and unscrewing the press for every 
tinned to be done chiefly by hand {see Prin t inc;^ sheet. In 1782 two Frenchmen invented a lever 
Section 2, Vol. VII) till after 1900, although toapply quick pressure, instead of the slow screw; 
some of the wealthier newspaper printers in large and in iBoq an English inventor, Loid Stan- 
citics had by then begun to use mechanical key- hope, improved on this v\ith the fust it on press, 
boards for composing. which had a more easily woikcd lever. Most 

In 1784 a former London coal merchant called hand-presses to-day arc based on his piinciplc. 
John Walter bought an inventor’s Patent (q.v. 2. Mechanical Macuiining. 'Fhe two m*iin 

Vol. VII) for speeding up printing. The idea operations involved in printing, the assembly of 
w^as to keep a stock of frequently-used words or type and the actual inking and printing, or 
parts of words, ready-made in metal, to sav( ‘pressw^ork’, did not become mechanized at the 
printcTS the time needed to assemble the indivi- s.ame time. The presswork, now known as 
dual lett<“»'>. f'ach word. Although Walter ‘machining’, became mechani/ed by slow stages 
started a newspaper (which later became The during the 19th century, long before mechanical 
Times) to ptove his theory, he was opposed by type-setting became common. 
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In 1814 steam printing first appeared. The 
early steam-engines were then being put to 
simple industrial uses, such as pumping water 
out of mines. An engine of thik kind was used 
to print 1,000 copies an hour of The Times. The 
flat pages of type, instead of having paper 
squeezed against thfim by hand pressure, were 
pushed by steam power under a cylinder which 
pressed the paper against them. In 1848 came 
a rotary press: the separate columns of type were 
arranged round the outside of a large cylinder, 
and clamped to it. As the cylinder went round, 
it pressed the columns of type against paper 
sheets, of which 10,000 an hour could be punted. 
As only one side of a sheet was printed at a time, 
as in all printing in those days, the backs of the 
sheets had to be printed later with a second 
cylinder. 

Modern high-speed printing became possible 
with the growth of stereotyping {see Printing, 
Section 5, Vol. VII) in the mid- 19th century. 
This method of taking a mould of a flat page of 
ordinary type, and casting a duplicate page in 
the mould, gave rise to the idea of a curved 
stereotype page. In 1865 a printer in Phila- 
delphia, U.S.A., cast molten metal in a curved 
mould and formed curved pages, with which he 
was able to print €)n both sides of a strip of paper 
at once. Instead of single sheets of paper being 
fed to the machine by hand, a single broad strip 
of great length was unwound from a spool — as 
with newspapers to-day. After passing through 
the printing rollers, the strip was automatically 
cut into sheets. In 1866 this method of mass 
production was first used in Britain by The Times. 
When in 1861 the last British tax on paper had 
been removed, this machine made possible the 
large circulations of modern newspapers {see 
Newspapers, History of). 

3. Mechanical Type-setting. Though in- 
vented in the 19th century, mechanical type- 
setting, or composition, was not widely adopted 
until the 20th century. Instead of the compositor 
having to pick up between his finger and thumb 
a small piece of metal for every letter he meant 
to print, as had been done for over 400 years, 
he used a keyboard like that of a typewriter. At 
first, machines were devised in which individual 
pieces of type, as tised in hand-setting, were 
stored in separate containers, and one piece at 
a time was dropped from a slot as each key was 
pressij^ on the keyboard. Other machines were 
made to sort the type after use, each into its 


proper container; but it was found to be quicker 
in the end to melt all used type and to cast 
the metal again, by ordinary manufacturing 
methods, in groups of new letters. 

The invention in America of the linotype 
machine in 1886 by Mergenthaler, and the 
monotype in 1887 by Lanston revolutionized 
the composition part of printing Printing, 
Section 4, Vol. VII). 

See also Book; Newspaper. 

Sec also Vol. VII : Printino; Process Reproduction. 

PRONUNCIATION, see Language, History 
of; Voice. 

PROPAGANDA AND ADVERTISING. One 

or other of these words is often used of some 
persuasive statement, whether written, spoken, 
or broadcast. More than 300 years ago the 
Roman Catholic church set up a missionary 
organization to cause its beliefs to spread or 
‘propagate*. The Latin term for this, propa- 
gandCy has come to be used for any attempt to 
convert people to another way of thinking, 
religious or otherwise. ' 

Political propaganda is almost the only kind 
known to-day, and it is carried on by many 
methods. In countries with Totalitarian 
systems of government (q.v. Vol. X), such as 
Russia and Spain, and Germany and Italy 
before the Second World War, propaganda is 
organized by the leader of the government as 
to influence the minds of his people in favour of 
himself and of his own political party. All kinds 
of devices are used for this purpose. They in- 
clude spectacular party congresses and meetings 
at which political speeches arc made to large 
audiences, radio broadcasting, the publication 
of the party viewpoint through newspapers con- 
trolled and censored by the government, and 
the regular repeating of the government point 
of view in the ears of the people by an army of 
followers. This kind of propaganda often over- 
flows the frontiers of the home country, and is 
aimed at the minds of foreigners as well. In a 
single-party State the government sees that there 
is no opposition propaganda to weaken its posi- 
tion, or, as it would say, mislead the people, and 
any form of criticism is forbidden. Freedom of 
Speech (q.v.) is obviously not allowed in a single- 
party State. In a democratic or multi-party State, 
freedom of speech is not only one of the basic 
liberties of the people, but is, in fact, essential 
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Napoleon helps liinistH to Europe while <he British Pnnu* MiriLSter, Pitt, holds the sea for England 


to the woiking of a pailiamcntaiy DjMOCkAv.Y 
(q.v. Vol. X), as in Gieat Biitain. In such a 
State, political propaganda can be earned out 
by anyone. To put before the people the attrac- 
tions of their programmes and theii policies, 
the parties make use of all available methods, 
which include newspapers, pamphlets, leaflets, 
periodicals, postal circulars, public meetings 
loud-«:peaker vans, and radio broadcasting. 
In Great Britain the B.b.G. allots equal broad- 
casting opportunities to each of the main political 
parties. 

The word ‘advertising’ originally meant b. ig- 
ing to people’^ attention a piece of information 
or news such as the arrival of a ship fi om abroad. 
Even to-day a newspaper may publish several 
columns of advertisements which aim solely at 
giving information: for example, the notices of 
births, marriages, and *aths ; the various official 
and legal announcements; and the ‘public 
appointments’ columns, notifying vacancies on 
the st^s of Goyernment or other public bodies. 


Bui ' “ word ‘ddv?itising’ has acquued a 
second I it now means not only inloiniing 
people, but also persuading them — usually to 
buy something offered for sale. 

Piopaganda and advertising, therefore, are 
both ways of changing or influencing people’s 
minds. In fact, just as some medicines or diugs 
have an effect on certain organs of the body, so 
propaganda, and advertising that is not merely 
informative, may have an undue effect on the 
human mind. Now that much more is known 
about the hi man mind, and the ways in which 
it may be intiucnccd {^ee Psychology, Vol. XI), 
propaganda and advertising arc much more 
efficient than they used to be, and in consequence 
capable of being more dangerous. Damage may 
be done to the peace and contentment of a home 
if advertisements cause unnecessary and useless 
goods to be bought, leaving insufficient money 
for important necessities. But the dangers of 
misused propaganda are much greater, fiopa- 
ganda used for good purposes at the right time 
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is valuable: if it urges people to be less wasUTul, 
to save their money instead of spending it on 
luxuries, to grow more food in their gardens, 
and to avoid accidents on the roads, it is ob- 
viously useful. But in the present century many 
nations, previously free, have fallen victims to 
the propaganda of^other nations, and have lost 
their liberties. Such political propaganda comes 
in time to blur people’s power of seeing and 
judging truthfully and independently. They 
may in this way be led to behaviour which, were 
it not lor the influence of the propaganda, they 
would shrink from. They are misled by cleverly 
timed exaggerations and false piomises which 
appeal to the lower side of their nature; if such 
propaganda is clever, it is often very successful. 
But the kind that appeals to the higher instincts 
of men has scored some wonderful successes 
throughout history ; this kind, like Mr. Churchiirs 
speeches after the evacuation ol Dunkiik in 1940, 
makes no vain promises, yet touches and rouses 
tlie hearts of men. All teaching and education, 
religious or other, are forms of propaganda; and 
civilization owes much to that type of religious 
propaganda that does not promise a pleasant 
heaven, easily reached, but asks men to do good 

ITS ALL RIGHT ^ Hiroivhin^ 



1T*S ALL RIGHT • • • wooPs natural! 
snug and warm 


for its own sake, and not for self-love or hope of 
personal rew^ard. 

See also Vol. VII: Advertising and Publigiiy. 

PROPELLER, see Vol. VIII : Propei i 1 ^ , Air- 
craft; Propeller, Marine. 

PUBLIC LIBRARY, see Librar\es, Section 2. 

PUBLISHER, see Book. 

See also Vol. VII: Pubi isiiino. 

PULLMAN CAR, see Railway Coaches, Sec- 
tion 6. 

PUNCTUATION. Writing is divided into sen- 
tences and paits of sentences by a number of 
conventional punctuation maiks or stops, whicli 
indicate pauses and help the reader to undei- 
stand the meaning. 

Ill the earliest writing the letters ran con- 
tinuously without any slops Gradually woids 
wTre separated from each other, and then 
div'ided into sentences by points. lJ.sually a 
single point like the lulhtop 1 cpi esented a pause, 
but it was normally placed high in the line of 
w 1 iting Latei , in some places the system was de- 
veloped fuithcr: a point placed level wath the 
top of the writing had the value of our full stop; 
‘filaced in the centre, a comma: and placed near 
tiic bottom, a semicolon. These rules, however, 
were not alw^ays obeyed, and it was only 'alter 
the invention of Printing (q v ) that a standard 
system began to develop; the first man to cn- 
fouiage it was the Venetian printer, Aldus 
Manutius, in the i6th century. Often stops, 
adopted from the Greek, were altcied in mean- 
ing, our semicolon, lor example, was used as 
question maik l;y the late Greeks. But fashions 
in punctuation have varied greatly. Generally 
to-day maiks are used less frequently than in the 
i8lh and 19th centuiics. The main stops are 



, ^ AD VI KlIM MLMS I uH WruH 

lulled by the liitcriiational Wool bccretarint 


these- 

1. Fui.l Stop or Period (.). I’his is tlie 
strongest pause and marks the end of a sentence, 
loi example: ‘Pear God. Honour the King.’ 

It is also used in abbreviations, as in ‘Mi ' 
for ‘Mister’, ‘Sept.’ for ‘September’, ‘Go.’ for 
‘Company’. 

2 . Colon (:). This is an abrupt pause used 
particularly to connect two related sentences 
The two sentences may be in contrast, as in the 
following: 
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‘In peace time military discipline affects lew 
people: in war it affects nearly everybody.* 

Or the second sentence may explain or expand 
the first, as in: 

- ‘The choice that faced me was serious: I had 
to^kill him or die myself.* 

It may also be used to introduce a speech or 
quotation, for example: 

‘The headmaster said: “I am about to maL • 
an important announcement.” ’ 

3. Semicolon (;). This is less strong than the 
full stop or period, but stronger than the comma 
{see 4 ). It connects parallel or connected sen- 
tences, especially when a conjunction such as 
‘and’ or ‘but* is not used, for example, in the 
proverb: ‘To err is human; to forgive divine.’ 

4. Comma (,). It is widely used and represents 
the slightest pause. It separates closely con- 
nected clauses and phrases, as in: 

‘When I arrived in London, the day before 
my birthda . T met my brother.’ 

It separates a number of adjectives which ail 
qualify one word, as in: 

‘A cold, bleak, damp room.* 

5 . Parentheses? or Brackets ( (j ) are put 
round phrases w p > h interrupt or explain a n- 
tence such as: ‘Ilis fortune (if you can call it 
that) amounted to £ 10 .* 

6 . Dash ( — ). Dashes can be used in pairs in 
the same way as brackets, or one dash can be 
used like the colon to explain what had preceded 
it as -in: 

‘These are great days — the greatest days our 
country has c^ver known.’ 

7. Exclamation Mark (!). liiis is always 
used with certain words which in grcinimar are 
classed as exclamations, such as ‘C^h!’; some- 
times with the words ‘what’ or ‘how’, as in ‘How' 
I hate you!’; with wishes such as ‘Heaven for- 
bid!’; and sometimes when addressing otheis 
with emotional stress, as in ‘You brave chap!’ or 
‘Ungrateful wretches 1’ 


It is also used to show that the words are being 
spoken with a particular meaning%or accent; it 
conveys scorn, amusement, anger, horror, and 
so on. For example: ‘So you thought it w'ouldn’t 
matter!’ 

8 . Apostrophe (’) may show that a letter or 
letters have been left out of 4 word as in ‘don’t’: 
or it may denote possession as in ‘John’s 
book’. 

9 * The Hyphen (-) looks like a shortened dash. 
It is used to link two or more words into a single 
idea, such as ‘oak-apple’, ‘stick-in-the-mud’; or 
to divide words w^hen they need to be split uj^ 
at the end of a printed line. 

10. Question Mark (?). This is put at the 
end of a sentence to denote a question as in: 

‘Are we in time?’ 

11. In VER'i ED Commas (‘ ’ and “ ”) show speech 
or quotation as in: 

He said to me: ‘Shall we be in time?’ 

Some writers prefer single inverted commas: 
.some the double ones. Whichever are cho.sen, 
the others are available for quotations w iihin a 
quotation, as in the following sentence: 

Edward came into the room and shouted : ‘Tl ’s 
all very well lor you to sit here, but I’ve got to 
go to the headmaster and say: “Please, can 1 have 
my dog back?” ’ , 

Although not a mark of punctuation, the 
device of starting a fresh paragraph when writing 
is an ac cepted way of bringing to a close one 
subject r one set of thoughts, and starting 
another The ending of a paragiaph is shown 
when, after a full stop, the rest of a line is blank, 
like mis 

I’hc start of a paragraph is shown when a 
small white space occurs at the beginning of a 
line of writing, typewriting, or printing, as shown 
below 

This is a short paragraph of eight words. 

Sec also Spelling. 



C^UEBl'G BRIDGE 


Q. 


QIUEBEC BRIDGE. This bridge, which carries 
a double main line of the Canadian National 
Railway and a main road across the River St. 
Lawrence west of the city of Quebec, is distin- 
guished by having the longest single cantilever 
span in the world — one of i,8oo feet. 

In its construction the Quebec Bridge had a 
tragic history. The fiist design was completed 
in 1901, and work was begun. The method of 
construction adopted was to work from the 
opposite shores at the same time tow^ards the 
centre. Six years later, when the cantilever oii 
the south side of the river had been completed, 
the supports of the cantilever suddenly gave 
way without any* warning, and the entire canti- 
lever crumpled up and fell, a tangled mass, into 
the river, carr>ang seventy-five workmen with 
it. At the official inquiry into the di.saster it was 
decided that a much more substantial bridge 


should have been planned. A total of thirty-five 
new designs was prepared by bridge-builders all 
over the world, and the present design, whicli 
contains 66,480 tons of steel, was selected by a 
committee of experts. • 

Work on the present bridge began in 19^9, 
and by the summer of 1916 both cantilevers 
were finished, and all was in readiness to receive 
the 640-foot centre span, which had been con- 
structed separately some 3I miles down-stream 
on a false framework. Great steel pontoons were 
floated underneath the span at low tide, so that 
with the rising tide the 5,100 tons of the span 
could be lifted and towed up-stream to the site. 
Here elaborate hydraulic lifting engines had 
been prepared to hoist the span 150 feet up into 
position. But a second disaster took place. Earl) 
in the course of lifting, the lifting-gear at one end 
gave way, and the vast mass of crumpled and 
broken steel fell into the river, killing eleven men. 
By 1 7 September 191 7, a second centre span had 
been built and floated to the site. This time at 
last, the delicate operation was succcs.sfully car- 
ried out. Three days of anxious work -- lifting 
the span in stages of 2 feet at a time, each lilt 
taking 15 minutes — and the gieat span of steel- 
work was into position, 150 feet above the river. 
A month later, on 17 October, the first train 
passed over the bridge, more than t 6 years after 
work on the first bridge had been begun. 

Sec also Bridofs; Bridgi-s, Railway. 

Sec also Vol. Ill - i-be( .Si. Lawui m i . 
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Q,UEtN ELIZAbUH 



ntF ‘qorrN n i7AiirTH’ 


QUEEN ELIZAF^ETH, THE. This Cunaid 
WhileStai litiri me lai ejest vessel in th< vvokcI 
She was being built by John Blown & Co , Ltd , 
at Cl^deliank when the Second Wen Id Wai 
began, in Mai eh 1040, painted a drab grey, she 
sailed across the Atlantic to New Yoik, where 
she was completed in safety fiom attaek by the 
enemy llt,i sailing was one of the c loscst secrets 
of the War 

The Queen Elizabeth is larger than her sistei 
ship, the Queen Mary, her gross reirister tonnage 
IS 8^,673, compaied with the Queen Marys 
81,235 IS 987 feet long, 12 feet longer than 
her sister ship, and 118 leet wide She carries 
2,200 passengeis in three classes — fust, cabin, 
and tourist — and a er^w ol 1,250 In her 
twenty-seven boilers heated by oil luel, steam is 
raised to a pressure of 400 lb per square inch 
This enables her sixteen steam turbines to 
develop 200,000 horse-power and drive he 
ship’s four propellers The speed of the two 
Queens is about equal, but the Queen Mary holds 
the record lor the Atlantic crossing, which she 
achieved in August 1938 at an average speed of 
31 69 knots 

The aids to navigat* 1 which the Queen Eliza- 
beth carries include two direction-finders, an 
echo-sounding device, a gyro-compass, and two 
radar units of long and shc^rt ranges 

•> 


Ihe public looms are huge and lulil) fur- 
nished In addition to the usual dimng-iooins, 
lounges, and cuckt ul bars, there are two swim- 
ming-baths, shops, banks, a prvst office, cinema 
gymnasium, squash courts, games decks, and 
mil senes Thcie is also an imitation navigation 
budge o amuse the children 

The een Llizabeth was used as a troop trans- 
jiort dui ig the Second World War, owing to 
her high speed she did not sail 111 convoy , and on 
occasions her only escort was a cruiser The w ar 
made it impossible for her to have a tiial tup, 
and when she was completed, she was sailed 
from New York to Singapore, when her caicei 
as a tror*’^ship began During the w ai she carried 
in safety 811,324 service men and women, and 
steamed 492,634 miles 

Now, ‘properly dressed’ in the colours of the 
Gunard Wh c Star line (black hull with red 
‘boot-topping’ — a band round the watei-line- 
white superstructure, and red funnels w ith black 
tops), the Queen Elizabeth is the most important 
vess**! in the ‘Atlantic ferry’, and carries pas- 
sengers luxuriously and safely across the ocean 
in 4 days 
See also Ship, Liner. 

QUINQUIREME, \f( Cl AssiCAT Ships 
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RADIO TELEPHONE, MOBILE, see Tele- 
PHONF, Mobile. 


RAILWAY, see Railways, History of; Rail- 
way Systlms; Ellciric Railways; U^der- 
c. ROUND Railways; Mountain Railway^; 
Miniaiurl Raiiways. 

RAILWAY ACCIDENTS. Train accidents are 
mainly due to derailments and collisions. The 
chief causes of derailments are: taking curves at 
excessive speed; bad condition of tiack, which 
may be caused by soil subsidence, ‘washing 
RACK RAILWAY, see Mointmn R \ti \\ \vs, away’ by lain or flood, or other natural condi- 
Scc tion I tions; breakage of tires, axles, the moving pans 

of engines, oi other portions of the tram 
RADIO NAVIGATION, N \\u, Air, Collisions are (aused chieflv by diiveis running 

N\\ K. \i ION, vuiNt past signals at ‘danger, ei lois of signalmen, 

especially b\ admitting trams to sections of line 
RADIO, Jtf^^\IRLLLSslLLLCRAPHY, Historyot. already occupied (^see Signali ing, Railway); 
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Ontral Vuu 

• BREAKDOWN TRAINS CLEARING THE LINE AFTER A RATI WAY ACCIDENT 

The 8<:cne at VVinsford (Cheshire) in 1948, when a mail train from Glasgow ran into the rear of a , Glasgow -London 

express * 
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the breaking away and running backwards of 
coaches or wagons on inclines 

The worst Bi itish example of track defect was 
the 1 ay Bi;dge disaster of December lUyc), when 
part ot the bridgo collapsed during a wild gait 
and the night mail tram fell into the nvei , 
78 lives were lost Excessive speed caused x 
derailment near Beikhamsted, Hertloidshiie, m 
1945, of an express which tiied to cross fiom one 
set of lines to another without slowing, 43 people 
were killed An Edmbuigh Glasgow express 
passed ‘dangt r’ signals in a heavy snowstoim 111 
December H)]7, and ran at full spetd into a 
stindmg tiain at Castlccai), Stnlmgshiu , then 
were 3^) deaths Ihe most terrible collision in 
British histoiy occuned in May, 191^, m tin 
1 irst Woild \\ n, at Gictna, neai C ulisk, when 
a troop tiain collided at full speed with a shunted 
tram, and a slctping-car express ran into tin 
wreckage, this accident, arising from a signal- 
man's o\( ost 227 ’ \cs It would have 

been prevented if trac k-ciicuiting Eire ikic 
SiGNAi I INC.) h id been installed at the signal bo\ 
Ihc risk of v( hides out of cexntiol running back- 
wards down an iik' nt is largely guarded igain't 
by ‘trap points’ se in the rails on inclines, di ^e 
points deliberately dei<ail any such vehiele 

RAILWAY COACHES. The name ‘coach’ 
like ‘guard’, conies from the Si ac.l (kxACii (q v ) 
for the early railway vehicles had four wheels 
and were built like horse-coaches 


RAILWAY COACHES 
The modern passenger coach is built on a 
strong steel under -frame, each end Of the coach 
being cairad on ‘bogies’, small pivoting tmeks 
of four or six wheels which assist the smooth 
running of the tram Erg i) Ihe British 60- 
foot con idol coach of xvoocl and steel weighs 30 
to 32 tons American coaehei^, formerly all-ste'el 
stiue tures weighing 80 to c^o tons, arc now being 
lightened by the use of light metals frame 
has experimented with lubbcr tires on express 
trains to increase smooth running, each coach 
needs a larg(» number of wheels (sometimes as 
many as to reduce the load on each tiic to 
less thin a ton and to letam stability il a tiie 
bin Sts 

I. C okRiooi Trmn^ Passenger coaches arc 
diMclcd into eon idol, non-c 01 1 idor, and senn- 
corndoi t\pes llii standard lailwav \dne le all 
over the woild is the eonidor coach in which 
passer geis can move from one end of the tram 
to the other to find scats or leaeli icstauiant 
cars and the oflici ils can move fiecly to check 
tickets 1 ach coach is connected with the next 
bv a gangway, which is protected by rollapsible 
walls ol the ronrertma type For the :5f)3-mile 
I ondon I dinliuigh non stop run the ti mi cor- 
ridor is continued through the tender to the 
locomotive, so that the engiye new can be 
changed without stopping the tram 

Ihc traditional plan of a side corridor con- 
ne ctim^ «“pai itr comp irtinents has given place, 
on in in i im-lmc Bi ilish ti ams, to open coaches 



A Corridor connexion B Heavy luggage rack C Toilet D Water storage tank E Light luggage racks F C/ilmg 
light. G Ventilators H Mam frame I Buck c\c coupler J Bogie K Vacuum brake cylinder L Vacuum 
reservoir M Battery boxes N I Itctric gcncialor O Braki and 1 <• tin" connexions 
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with a central gangway and small tables between 
pairs of seats. Modern American long-distance 
trains include Pullman sleeping cars, Pullman 
parlour cars, in which every ’passenger has an 
armchair, and ‘coaches’ (equivalent to British 
third class). In these the seats are fitted with 
armrests and footrests, wliich can be tilted to any 
angle to suit the passengers’ comfort. Some 
double-deck American express coaches have a 
lounge on the upper deck, with glass sides and 
roof, from which passengers can watch the 
scenery in mountain districts. , 



FIG. U. SOUTHERN REGION SEMI-DOUBLE-DECK COACH 

Exterior, cross-section, and longitudinal section 


2. Suburban Trains. Non-corridor compart- 
ments, which are almost unknown outside 
Britain, are mainly used for suburban services 
and minor branch lines. Modern suburban trams 
tend to use instead the semi-corridor ‘open coach', 
with central gangways but no communication 
between coaches. Double-deck trains for subur- 
ban work arc in pse in America and France; the 
British gauge has pi evented then general use in 
Britain, but some scmi-double-deck trains wTre 
used on the Southern Region, the upper and lov\ cr 
compartments being dove-tailed together (Fig. 2). 

3. Ci.ASSES. Formerly passenger accommod 1- 
tion was divided into first, second, and thud 
class, with different degrees of comfort. In some 
countries, such as Germany, there were until 
recent times four classes, the fourth consisting of 
primitive wooden benches. Railways in Britain 
began discarding second-class accommodation 
in 1873, and finally abolished it in the 1920’s, 
except for boat-trains serving the Continent. 
The tendency in all countries now is to have or ly 
two classes. The main international expresses, 
however, which may run through several coun- 
tries, charge additional fares, higher than first- 
class, for long non-stop runs in coaches of booked 
seats. The suburban services in parts of Britain 
consist of third-class coaches only. 

4. Sleeping-Cars. In 1873 sleeping-cars were 
introduced in Britain for first-class passcngcis 
travelling between London and Edinburgh. 
To-dqy passengers have a private room, with a 
box-ifiattrcss and hot and cold water. In 1928 


third-class ‘sleepers* came into use: these now 
consist of couches, or ‘berths’, in two layers, one 
above the other. Modern American ‘sleepers’ 
consist of small single-bed and doublf-bcd com- 
partments, as do the sleeping cars of long- 
distance expresses in Europe. • 

5. Restaurant Cars. The first iheals were 
cooked and served on a train in America in 1867, 
and in Britain in 1879, but passengers who 
wanted meals had to sit in the dining-car 
throughout the journey. With the building of 
corridor trains, the dining-car can be reached 
by passengcis fiom any part of the tram. Coke, 
coal, anthracite, gas, and electricity are used for 
cooking. The American device of a travelling 
‘bar’, in which diinks and light snacks are served, 
has been adapted to British needs. 

6 * Pullman Cars. The first luxurious ‘saloon’ 
car was devised in America in the 1 8()o's by G. M. 
Pullman, the inventor of the first sleeping and 
restaurant cars. The use of ‘Pullmans’ has spread 
all over America and Europe. They contain 
comfortable armchairs, shaded lights, and tables, 
to which attendants bring rcficshmcnt if a pas- 
senger rings a bell Generally the cars were built 
for and are ow ned bv Pullman c omf)anics, hich 
pay railv\a> managements a lent foi pei mission 





8 LFBFINO RPRTH9 ON A CANADUN PACIFIC TRAIN 
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Chicaao, liurlington, ^ (luincy Railroad 

VISTA DOME CARS ON A ‘ZEPIIYR* TRAIN IN U S A. 

These upper deck louncres Rive an uninterrupted view 


to run the cars on their lines, and charge pas- 
sengers a supplementary fare for their use. Some- 
times an entire train will consist of Pullman 
cars, such as the ‘Brighton Belle’, the ‘Devon 
Belle’, and the Ctolden Arrow (q.v.). 

7. Slip Coaches arc less used than in former 
times, lliey are attached to the back of a train 
and can be disconnected at any station without 
the main portion of the train stopping there or 
even slowing down. A ‘slip’ may consist of one 
to four coaches. Passengers for a particular town 
arc warned, before starting their journey, to take 
seats in the rear coaches, and as the train ap- 
proaches the town, the "^uard aisconnects the 
‘slip* by a special appliance. Then, while the 
main portion of the train continues on its way, 
the guard applies his handbrake and stops the 
‘slip’ coaches at the station platform. Spe* al 
coupling and b’^aking equipment are needed, as 
well as a guard for each portion of the train. 

8 . General. Passenger coaches were formerly 
lit by oil lamps, and later by gas. Now they are 

by electric generators driven by the axles of 
the wheels; batteries r. intain the lights when 
the train is standing. Steam trains are heated 
bj^eam'fJfd by pipes from the locomotive boiler. 
The coaches of most electric trains are elec- 


trically heated, but on main lines on which 
electric locomotives pull stcamdieated coaches, 
a special boiler vehicle has to be added to each 
train in winter. For the same reason, diesel- 
electric locomotives in America aie fitted with 
steam be rs, fired by oil, to warm up the engine. 

Moden American trains aie air-conditioned. 
Coach windows arc sealed, noise and dust being 
excluded, while air at a standard temperature is 
pumped through the coaches. In winter steam- 
heating warms the air, and in summer it is cooled 
by electric refrigerators. 

In all countries, the passengers’ alarm signal, 
worked by a lever, a chain, or a knob, is a 
standard feature; when operated, it applies the 
air or vacuum brakes slightly, thus warning 
the guard ano’ engine-driver that something is 
wrong; a projecting device also indicates to the 
train staff the coach from which the signal was 
operated. Alarm signals were enforced by law 
in Britain in the late 19th century after several 
passengers had been robbed in trains. 

RAILWAYMEN. 1 . Stationmaster and Staff. 
The railway stationmaster has a very important 
task. He is not only in charge of the statiop. staff 
and all the working of the trains through his 
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Butifh liailuii)! 


GUARD, DRIVER, AND FIREMAN 

Before the train leaves a station the guard hands the diivcr a paper staling the number of coa.b''s In the train and us 

total VN eight 


Station, but also, of the business side of the rail- 
way, making all necessai'y contacts with the 
public. On the passenger side the staff consists 
of porters and signalmen; at all liut the smallest 
stations it includes also booking cleiks, and at 
stations which have grown so much in size that 
booking clerks cannot cope both with the issue 
and collection of tickets, there arc also special 
ticket collectors. If much goods traffic is dealt 
with at the station, a goods staff is necessary 
also, to man the goods depot. 

liic stationmaster is responsible for giving the 
guard of every passenger train that stops at his 
station the authoiity to start, though he may 
pass on tills authority to any other responsible 
member of his staff, such as a foreman porter or 
an inspector. Inspectors arc needed for the larger 
stations only, and at the largest, several in- 
spectors may be on duly in relays throughout 
^the 24 hours. In an emergency, such as a 
blockage of the line, the stationmaster must take 
control and give all necessary instructions to 
signalmen and drivers — though, in fact, they 
generally know what to do, as instructions cover- 
ing njost possible emergencies arc given in the 
rules ’and regulations. Also, if the station lies 


wdthin a traffic control area {^ee Train Con- 
trol), control will give all ncccssaiy gcncial 
* instructions for dealing with the erncigcncy, and 
the stationmastex’s task will be to see that these 
control instructions arc properly carried out. In 
foggy weather the stationmastcr must decide 
when the fog has thickened sufficiently to justily 
the calling out of the platelayers to do logmen’s 
duty at the various signals within his contiol {^ee 
Climate and Commu.nicai ions, Section 2). At 
any large station, such as a London terminus, 
the stationmastcr rules over a very large stafi, 
and his job consists mainly of organizing them, 
while the more particular duties which would 
belong to the stationmastcr of a smaller station 
arc delegated to less important officials. 

2 . Engine-Driver. The would-be engine- 
driver enters the railway service while a bc^y a«^ 
a cleaner at one of the Engine-Sheds (q.v ^ 
where locomotives are stabled. During his w'ork 
of cleaning, which takes him all over the engine, 
both outside and inside, he becomes familratfr 
with the various parts and the purpose that each 
has to serve. After a period at cleaning, if he 
shows aptitude, he is ‘approved* to act as. a 
man, first on a shunting cnginc,^and then rising 
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y degrees to passenger work, during which time 
e not only learns how to fire correctly, but also 
jnakcs an intimate acquaintance with the lines 
over^which.he travels— the position of signals, 
gradients, and so on -which is vitally necessary 
wh«n later he comes to drive. He must also gain 
a thorough knowledge of the rules and regula- 
tions laid down for the safe working of the traflic. 
After some years at firing, and after an eyesight 
test which includes the distinguishing of colours 
(vital for the observation of signals), the fireman 
is eventually ‘passed’ to assume the responsibility 
of driving. Once again he starts at the bottom 
with a shunting engine, and works his way up 
giadually. The most responsible and best-paid 
j()l)S at each engine-shed go to the ‘top link\ that 
is, the men willi the long('st and widest experi- 
ence; these arc paid on the basis of a fixed 
mileage, all excess over which is paid for by a 
supplerrtentary rate, so that the longest con- 
tinuous dcdi.., h as tl 2y(j miles without 
change ol’ crew betw'een hajston and Gat lisle, 
L^ondon Midland Region arc the best paid. 

3. The title of guard dates ])aek to 

the days of the S' vc.l Coach (q.v.) wliem the 
attentions of higii.vaymcn often made the fuo- 
lection of the ])assengers on a coach no light 
task. To-day tlie raihvay guaid is resf)onsi])le, 
equally ^vith tlie driver, I'or the safety of his train. 
His equipment consists of watch, wTistle, red and 
green flags, hand-lamp showing red and green, 
and al least twelve detonators or fog-signals foi 
use in the event of emergency. It is the responsi- 
bility of a passenger guard to see that his train 
is correctly formed and la])ell(d, that the coaches 
are ])roperly coupled, that the tail-lamp is in 
position, and that the continuous ])rake, which 
ii(' will test bel(jre starting, is in proper working 
order. d’h(‘ driver is not permitted to start until 
he see« the guard’s grcei flag or lamp waved, 
and hears his whistle. Before the guard gives the 
‘right away’, he must be sure that all doors are 
closed, that the starting signal at the plat^' mi 
end is ‘off’, and that he has received the station- 
master’s author’ty. Throughout the journey the 
guard is in charge of all luggage loaded into his 
van, and is responsible for seeing that the right 
pieces arc put out at the various stops. If his 
tj^n breaks down from any cause, the guard 
^must ‘protect’ it; this - e docs by proceeding 
backwards along the line, with his red flag or 
lam^ in his hand, to lay down detonators on the 
‘Tails up to -J mile from wdiere the train is stand- 


ing, in order to warn any oncoming trains on 
the same line. Each guard has to keep a record 
of the running of his train, including all starting 
and stopping limits, delays and the reason Ibr 
them, the load, and the driver's name, riie 
duties of goods guards arc very similar to those 
of passenger guards. 

4 * Signalman. The work of a signalman is 
described in the article Sionai.ling, Railway 
(q.v.). The code of bell-signalling betw'cc'n box 
and box and the rules and regulations for railway - 
.men cover nf;arly all emergent ies; but in an 
emergency each signalman is responsible, t)f 
course, to the stationmaster in whose jurisdiction 
his box lies. Tf he is at any distance from the 
stationmaster's ofliee, he is in touch with him by 
t(‘lcphone. If the box lies in a cuntrt)lled area, 
the signalman is subject to telephoned directions 
horn the control ofliee. 

RAILWAYS, HISTORY OF. T}ic‘ first piimi- 
tive railways existed long l)erorc the first steam 
locomotive; and th(‘ first locomotives propelled 
by steam ran on loads and not on rails. A 
j cference to ‘railes' appears in doeuinents in 1 fjyy, 
referring to a w^agonway linking eoal-jiiines 
at Nottingham with tin* River 'J’lenl. (lolliei) 
owners found that their horses roiild [)ull mon’ 
and heavier wngons ol'coal if the vvlicels ran on a 
stra'ght surface of wood or iron th.in they could 
over rough eaTtlun roads of the p(‘ii()d. 
From th' onw'ard, what w'crr know n as wagoii- 
w'ays, plaicways, tramwxiys, or railwa)S came 
into U"e. 

Iron pi lies to protect the timber ol the w agon- 
ways came later. (We still call ‘pkitelayers’ the 
men who w'ork on modern railway tracks.) Jn 
1707 iron angle-plates w'cre laid foi the Inst tinu* 
on a colliery w'agonw ay near Shellield ; the flat- 
tired wheels of the wngons were meant to run 
on the flat part of the plates, wdiilc the vertical 
side of the pl'^tcs kept the wauon wTeels horn 



FIG. I. CROSS-SECTIONS OF i8tH-CENTURY RAILS ^ 

a. Angle plates used rails, b. Flanged wlieels nti up- 
right reiils 
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running off the track (1 ig ia) Wheels with 
flanges, which provide the models for those used 
to-day, were not made until about 1800 (Fig 
lb) Until the end of the i8th century all 
wagonways were worked by horses 

Meanwhile the first steam locomotives were 
being built Nicolas Cugnot, a Frenchman, 
made a steam road carriage about 1770, which 
travelled at 3 miles an hour W'llliam Murdock 
made models of steam carriages in 1 786 at Red- 
ruth, in Cornwall Richard Trevithick, a Cornish 
mining engineer, built in 1804 a steam Ic o- 
motive to run on a horse tramway at a South 
Wales colliery. Other inventors were expen- 
menting with steam engines at this time {see 
Steam-Engine, Vol VI I U When a workable 
engine was first evolved, thf -"fore, the idea ol 
well-laid rails, on which a ‘tram’ of wagons could 
be drawn by a horse w ith little effort, was already 
familiar. For that reason steam railways de- 
veloped very rapidly as soon as locomotives 
provpd trustworthy 

George Stfphpnson q v. Vol V), the son of 


a Tyneside labourer, was more responsible than 
anyone else for the great change that c ime hbout 
He learnt engineering at a local collieiy, and 
then became engineer to a horsc-Vailway whuli 
was about to be laid between Stockton and 
Darlington He persuaded the owners to use 
steam instead, and in 1825 he drove the fust 
tram with a locomotive which he had designed 
himself The train went at a speed of 12 milts 
an hour 

The real launching of steam railways occui red 
in 1830, when the Liverpool and Manchester 
Railway line was opened On this occasion the 
‘Rocket’ engine, designed by Stephenson, won a 
competition by drawing a 20-ton train 35 mile*- 
in just under 2 hours. As a result of this triumph 
railways were proposed for many parts of tlu 
country; in their development George Stephen 
son ana his son Robert played an important pai^ 
In 183; and 1838 parts of the London an( 
Birmingham Railway (later the London an( 
North Western) were opened for traffic. ^Th 
London and Southampton (later South-Western 
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THE MEETING OP THE CENTRAL PACinC (UJl) AND UNION PACIFIC (righi) AT UTAH IN 1 869 

Two American railway companies, one serving the Atlantic and the other the Pacihe, decided to joLi their lines. After 
six years of track-laying, their workmen met in the middle of the prairie 


was finished by 1840, and llie (heat Western 
from Paddington to Bristol by 1841. So in a 
.short time railway transport, in which Britain 
was to lead th^ world for many ycarr. was firmly 
established. 

The 1830’s and 1840’s are known as the period 
of the ‘Railway Mania’, when strips of railway 
track were being laid in all parts of the country 
without any coherent plan lor the future. Every- 
one who had any money invest tried to buy 
shares in railway companies, and in consequence 
thousands of people lost their money in unsuc- 
cessful companies. George Hudson, known as 
the ‘Railw’ay King’, a financier who set up mai j 
new railway companies, was courted by the 
richest and noblest families in England during 
the ‘Railway Mania’. 

As the railway lines had to run over people’s 
ivatc land, an Act of Parliament had to be 
passed before any line c«>. ld be begun. In 
Parliament passed 246 Acts for the laying of 
ne^^railways. Manufacturers and traders, who 
5ntcd the new form of quick and reliable trans- 


port, pres, v’d for the passing of each Act. Opposi- 
tion cam* rom influential landowners, whose 
demands Iv.i payment forced up considerably 
the costs of railway building, and from the canal 
companies, who were afraid of losing business to 
the railways. 

Many towns objected to railways as being 
noisy, smoky, and generally unwelcome, and 
succeeded m preventing lines being laid near 
them. One company was prevented liom run- 
ning through Northampton, and establishing a 
locomotive works there; as a result, Northamp- 
ton to-day Stan'' ^ on a loop line instead of on the 
London-Carlislc-Glasgow main line. The Great 
Northern Railway was prevented from running 
through the important stage-coach posting town 
of Stamford; the line was therefore laid through 
Peterborough, which has now acquired the 
importance as a manufacturing and communica- 
tions centre which Stamford might have had. 

By the 1840’s Parliament had laid down the 
basic passenger fare of a penny a mile, which 
was to last until well into the 20th ccntur>\ In 
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J842 Queen Victoria, then 23 years old, decided 
t2k. sample ;*ailway travel for herself, and made 
her first railway journey from W'indsor to Pad- 
dington. Court officials did npt like this novelty; 
the Queen’s coachman insisted on travelling on 
a pilot engine ahead of the royal train, but his 
scarlet coat and powdered wig were smothered 
with soot. The Queen, however, enjoyed her 
rail\^'ay journey, and soon made a trip to Scot- 
land in a train. 

Eaily passenger accommodation was very 
simple: passengers with the cheapest tickets had 
to stand in trucks, like modern cohl trv ^ks, with* 
no roofs and no seats. Gradually, however, as 
travelling by train became more popular, and 
especially after a young man called Thomas 
Cook had the idea of arranging cheap excursions 
{see Travel Agency), the accommodation was 
made more comfortable. Until the i86o’s engines 
had to stop several times on a long journey to 
take up water for the boiler. Then a device was 
invented for taking up water without stopping. 
Long water-troughs were laid between the rails 
at certain places, and a metal scoop, like a large 
shovel, was fitted beneath locomotive tenders. 
When the scoop was lowered, the speed of the 
train caused the water to be scooped up into the 
tender. As railway companies became more 
prosperous, they began to buy up the vaiious 
canal companies to prevent them competing in 
the transport of goods. 

The railway played a big part in the growing 
industrial power ol Britain in the 19th centur>^ 
Coal-mines, iron and steel works, and a vast rail- 
way system gave Britain the lead of the whole 
world until the end of the century', when Ger- 
many and the TJ.S.A. began to draw level. In 
1850 Britain had 6,600 miles of railways, and in 
1920 she had 23,000 miles; after that date the 
railways ceased to grow, and road transport 
began to expand. 

Other countries show'ed great interest in the 
early experiments of British railway engineers: 
locomotives were built in France in 1828 and in 
U.S.A. in 1829. Public railway's were opened 
in Belgium and Germany in 1835, and all over 
the world in the next tw'cnty years. In 1863 two 
American railway companies, the Union Pacific 
and the Central Pacific, set out to build a railway 
across the American continent, one company 
starting eastward from the Pacific coast, and the 
other westward from the Missouri River. After 
an exciting race to sec which could lay the longest 


line, workmen of the two companies met in Utali 
six years later, completing a 1,8.18-milc stretcl^ 
of line. The Canadian Pacific line, 2,906 mile 
long, w as completed in 1891, and the Tnn y 
Siberian Railway, the longest in ' the w^bfW 
ij,o73 niile.s, was finished in 1904. 

After the mid- 19th century, railways all ovci 
the world gradually merged into larger and 
fewer companies, following the general trend ol 
industrial unification. In almost every country 
except U.S.A. railway systems have been taken 
over by the Stale during the present century. 
After the First World War there were 120 
separate railway companies in Britain, but it 
became clear that the smaller and less wealthy 
lines could not pay their w'ay in the new condi- 
tions ol w'ages and prices brought about by that 
w'ar. From 1923, therefore, with few exceptions, 
all the railways w'crc grouped by Act of Parlia- 
ment into four main systems, wliich were, in 
order of size, the London Midland and Scottish, 
London and North Eastern, Great Western, and 
Southern Railways. During the Second World 
War, as in the earlier war, all railways in Britain 
were taken over and’ run by the Government 
Soon after the Second World War Parliament 
passed an Act to nationalize all the railways- 
from I January 1948 they became the property 
of the State and are now- organized in six Regions . 
the Southern, the Western, the London Mid- 
land, the Eastern, tlie North Eastern, and the 
Scottish. 

See also Railway Systems; Logomoiives; Railway 
Coaches; Signalling, Railway. 

RAILWAY SPEED RECORDS. The highest 
speeds that have been reached on rails by dilTei- 
ent forms of motive power, with coaching stock 
of conventional design, arc very similar, show- 
ing that the chief limiting factor is that of aii 
icsistancc. 

With steam, the highest authenticated record 
was that of the L.N.E.R. streamlined Paciht 
engine Mallard^ on 3 July 1938, when a test tiaiu 
of eight coaches reached 1 26 miles an hour foi 
a short distance on the downhill stretch of lin'' 
from Stoke Summit towards Peterborough. A 
German streamlined 4-6-4 has travelled af 
124J miles an hour, and another of the sam< 
class reached 118 miles an hour on the Icvt" 
with a four-coach train. The semi-streamline 
4-6-4 engines of the Chicago, Milwaukee h 
Paul, and Pacific Railroad have recorded fkw 
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THE DENVER ‘ZEPHYR* WITH TWIN DIESEL-EIJECTRIC LOCOMOTIVES WHICH RAN FROM CHICAGO TO DENVER (1,017 2 MlLES) 

IN I a HOURS 12 J MINUTES IN 1 936 


miles ail hour on the ‘Hiawatha’ streamline- 
train. 

Runs over long distances with steam engines 
include the L.N.E.R. Pacific Silver Linky which, 
with the ‘Silver Jubilee’ streamline train, ran 
25 miles at an average speed of 107*5 miles an 
hour for the w'iiole distance on 27 September 
1935. The top speed on this run was 1 12 J miles' 
an hour. On the L.M.S. the highest maximum 
ever reached was in 1937, when the Pacific loco- 
motive Coronation touched 1 14 miles an hour with 
the ‘Coronation Scot’ train, made up to eight 
coaches. On the return journey the Coronation 
averaged 89*0 miles an hour over the 72*3 miles 
from Wei ton to Kilburn. This compares with 
Silver Link's 91*8 miles an hour over the 70 miles 
from Wood Careen to Fletton Junction in 1935. 
In 1932 the G.W.R. 4-6-0 Tregenna Castle, with 
a seven-coach train, ran the 77*3 miles from 
Swindon to Paddington at a mean speed of 
81 *7 miles an hour from start to stop — the only 
start-to-stop run at over 80 miles an hour yet 
recorded in Britain. 

Over a greater distance still, the L.M.S. 
Pacific Princess Elizabeth achieved a notable 
record in 1936 by running an eight-coach 
special train non-stop over the 401*4 miles from 
Glasgow to Euston in 5 hrs. 44J min., at an 
average speed of precisely 70 miles an hour for 
the whole distance, including the steep Beattock 
and ohap summits. 


With diesel-electric power, speeds up lo 100 
miles an hour were run regularly by German 
streamline trains in the years up to the Second 
World War; and over certain suitable routes in 
the United States 100 miles an hour — even with 
steam — have now become commonplace. One 
of the most notable journeys ever made with 
diesel power was in 1936, when a twin-unit 
diesel-electric locomotive of 3,000 brake-horse- 
power, with eight cars, ran without a stop over 
the 1,017*2 miles from Chicago to Denver in 
12 hrs. 12J min., at an average 0^83*3 miles an 
hour througliout; 26^ miles were covered at 
105 miles an hour, 444I miles at 91*6 miles an 
hour, and 750 miles at 90 miles an hour. I’he 
highest maximum speed yet recorded in tlie 
United States with diesel-electric power is 122 
miles an hour. 

In 1939 a diesel-driven unit of three streamline 
cars (with a hydraulic transmission) attained a 
speed of 133J miles an hour in Germa-riy, be- 
tween Berlin and Hamburg. Over the same 
route in 1931 a curious car of very light construc- 
tion, which, though carried on only four wheels, 
w^as 95 feet in length, reached 143 miles an hour, 
the highest speed ever recorded on rails. This 
Kriickenberg car had a petrol engine, and was 
propelled by an airscrew; but the vehicle 
experimental, and nothing more was heard of it. 

In Italy, in 1939, a three-car streamlined elec- 
tric unit ran the 195*8 miles from FlorcnciN-tG 
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Milan in 1 15J minutes, at an average speed of 
102 miles an hour throughout - the fastest run 
between two slops yet recorded. The maximum 
reached was 126 miles an hour. Thus the 
m^icsj speeds reached as yet by trains of roll- 
ing-stock of normal design have corresponded 
closely, wliatcver the motive power — 126 miles 
an hour with sfeam or electric propulsion, and 
133^ miles an hour with diesel-hydraulic drive. 

Scr also Railways, History of. 

RAILWAY SYSTEMS. In most countries the 
pattern of railway lines is determined by the 
geography (mountains, rivers, and coastal shape) , 
and also reveals the c:ountry’s industrial and 
political history. Railways in Britain arc strongly 
centred on London, which was the hub of finance 
and industrial enterprise when most of the main 
lines were projected in the 1830’s and 1840’s. 
The nmtes link up seaports, coalfields, and big 
industi ial cities. 

rrcnch railw'ays radiate from Paris like the 
spokes of a wheel, but their biggest network ol 
lines IS 111 the industrial 1101 th and east, Belgium, 
on a railway map, looks like a mere continuation 
of Prance, for there are no geographical 01 
polili( al barriers between the two countries, and 
the french lines seem to run straight tliiough 
Belgium. Many lines fiom both Paris and Berlin 
run str .light to the frontier between France and 
Gcirnany; ever since the war of 1870 govern- 


ments of both countries have encouraged the-e 
strategic railways, to carry troops in the cver'?.of 
w'ar. One of the queerest railway patterns in 
Europe is formed 'by the two main lines that run 
along the banks of the River Rhine, sometimes 
within sight of one another, for a distance of 
more than 100 miles. This d^cp and wide river, 
carrying much small shipiiing, has few bridges. 
The big cities of Germany are spread so widely 
over the country that its railway system is based 
on several regional capitals. The main lines of 
G/erhosloval^ia and Western Poland still show 
the railway pattern that was laid down when 
they were part of the German and Austrian 
Empires up till 19 18. They are, therefore, 
centred on Berlin and Vi<*iina. 

The main lines of north Italy, joining indus- 
trial cities and receiving hvdi o-cb f liic power 
from the Alps {sec Elec'tric: Railways), are well 
developed. Few railways cross the mountain 
backbone of central Italy, and southern Italy 
has few industries. 

Swiss railways are notable for the bold en- 
gineering which has run main-line express routes 
through long mountain Tunnels (q.v.), and for 
the ingenious methods devised for steep climbing 
by Mount \IN Railw^ays (cj v.). Tlic re( ord rail- 
w^ay height in Fan ope is rearhecj b> the Jungfrau 
raihvay, one station being 1 1,405 feet above sea- 
level. This line has a gauge of i metre ( 3 ft. 3 in.), 
and climbs continuous gradients of i in 4 or 
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V\}i( n lh( trim reaches the end of one stretch it leversfs up die ntxt 


I in by the rack-and-pinion method liu 
highest thiough-ioutc in Swilz^iland is tlu 
metre-^au^e Bcinina line, whieli uses to 7400 
feet, it (limbs a*giadicnt of i 111 14 b) tlu grip 
of oidmaiy wheels on plain rails 

Of the total route mileage of the 1 ail ways of 
the woild, nearl) one-third 227, imks — is 
in the L SA Ihe Arneiican lines aic all 
pri\atel\ owned b) separate companies In the 
Eastern Slates the laigest lailways art the New 
York Central (ii 000 miles) and the Pennsyl- 
vania Railroad (iu,ooo miles'! Both connect 
N( w York w ith Chicago, the chief railway centre 
of the USA Following the race between two 
companies in the i860 s to link the Atlantic and 
Pacific coasts by rail Railways, Hisioryc^f), 
several lines were laid across the Rocky Moun- 
tains One railway, the Atehison, Topeka, and 
Santa 1 e, lunning between Chicago and Los 
\ngeles, climbs over the 7,600-foot Rate n Pass 
across the Rockies Another line rises to 9,o(^(j 
feet to run through the Moffat tunnel Although 
the less mountainous central and eastern States 
have a thick network of lines, thousands of 
square miles of the Western States are far from 
i railway 

Canada has one of the biggest individual rail- 
way shn the world, the Canadian National Rail- 


ways, with 23,500 units ol liru The other mam 
( anidun oigini/ation tlu Canidiin Paciii^., 
not onh runs 20 qoo mik s ol line Init also a fleet 
of o(( m-going stc liners wilfi icgulii trading 
routes encircling tlu wcnld Botli 1 iilwavs run 
aercjss tlu whok widtli (4 tlu Noilh \mciu 111 
contiiunl, oiu mam Inu lx m » ] 770 rnik^ long 
and tlu other 3 3bo miks \t Kicking Tlorsc 
Pass m tlu Rocky Mountains, oiv“ line rises to ^ 
5,3(jo feet above sea-level 

All the greatest heights that have be e n k at lit d 
by railways are m South Amt 1 it i, in tlie Andt s 
mountains Ihe rnineial wealth of the nioun- 
tarns has encouraged the building ol many rail- 
ways from the Paeifu coast, up tej tlu liiglilands 
of Peru, Chile, and Bolivia The most notable 
line is the Central of Peru, wbuh runs fiorn 
Calkm, the port of Lima In one stretch of o\( r 
100 miles'lhis laiLvay zigzags 11 j) sltej) valleys 
on a continuous gradient of i m 25 *md using 
twenty-one reversing stations, these are jioints 
at which a tram, having no room to turn at tlu 
end of one climb, backs towards the nc\t stage 
of Its climb {see picture) This railway rises to 
a height of 15,806 feet above sea-level, havm^ ^ 
passed through a tunnel at 15,694 feet Oxygen 
is carried for passengers who suffer from ‘moun- 
tain sickness’, or faintness caused by the thin ay: 
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at a high altitude. Another railway in Peru takes 
passengers 12,500 feet up to Lake Titicaca. One 
€;iilway, starting from Antofagasta in Chile, rises 
TWj^gjOOO feet and does not drop below that level 
for 50C4 mifes. A branch of this line attains at 
Mpntt the world’s record railway altitude of 
15,817 fetft — all but level with the summit of 
Mont Blanc. These railways, except fo the 
Central of Peru, are all of i -metre gauge. The 
Transandine Railway, linking Argentine with 
Chile, has to use rack-and-pinion climbing 
methods on steep gradients of i in 12J. 

One of the most remarkable railway systems 
in the world is the Trans-Sil)erian Railway, 
which runs right across the U.S.S.R. in Asia. It 
is physically possible to travel by railway from 
Britain to China, with very few changes of tiain 
on the way, by taking the railuay Ferry (q.v.) 
from England to France and a Trans-Siberian 
train for the longest stage. Even if there were no 
political hindrances to free travel, a change of 
train would still have to be made at the western 
front ie" of Russia, for the Russian track (Jauge 
(q.v.) is 3^ iru'hcs wider than the European 
standaid of 4 ft. lU in. From Moscow to the end 
of the railway, Vladivostok on the Pacifu , is a 


journey of nearly 6,000 miles, taking 9 days si 
normal conditions, and forming the longest 
journey in the world that can be made without 
a change of train® From one point on the line 
a train runs through Manchuria (q.v. Vol. Ill), 
connecting with a Chinese railway to Peking and 
other cities in the heart of China. Where the 
Trans-Siberian Railway reaches Lake Baikal in 
the mountains of central Asia, the engineers w ho 
built the line could not take it across the lake, 
which is 30 ‘miles wide at its narrowest. For 
some years t^ie trains w^cre carried across the 
lake in ferries during the summer months; in 
winter the icc on the lake was thick enough to 
bear the weight of trains running on a railway 
trac k laid over it. Later, however, the two ends 
ol the line were linked up by a permanent track 
laid lound the shore of the lake. 

Australia’s greatest railway problem is that of 
Cauges (q.v.), as various States have gauges of 
ft. 3 in., 4 ft. in. and 3 ft. 6 in. Australia has 
the longest stretch of perfectly straight line in 
the world— 328 miles acro.ss the Nullarbor Plain, 
an unirrhabited w'ilderne.ss without a single tree. 
Vet w'ithin a few hours’ journey the passenger 
finds himself in Flinders Street Station in Mel- 
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bourne, which claims to be the busiest in tire 
woi'ld, handling over 300,000 passengers daily. 
I’he biggest steel arch railway bridge in the 
world is Sydney Harbour Bridge (q.v.). 

The thirtecir main-line railways of India and 
Pakistan are owned by their governments. 
R oughly half their mileage is the broad 5 ft. (i in. 
gv ge, while other railways arc i metre, 2 ft. G in., 
and 2 foot. Famous mountain lines are the raek- 
and-pinion metre-gauge raihvay whicli reaches 
a height of 7,275 feet in the Nilgiri Hills, and the 
2-foot gauge Darjeeling-Hinralaya Railway, 
rising to 7,407 feet at Ghoom. 

See also Ratlways, History op; Moon tain Railways. 

RAILWAY TRACK, Vol. VIII: Railw'ay 
Construction. 

REDIFFUSION. Many of the homes in certain 
towns have no wireless set in the ordinary sense: 
they arc connected by wires to a local ‘w^ireless 
exchange’— just as a telephone subscriber is con- 
nected to the local post office telephone exchange. 
The wireless exchange or rediffusion centre 
receives the main B.B.C. programmes on a l^ge 
and carefully tuned receiver; the programmes 
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are transferred to a series of wires whicii link the 
wireless exchange to various subscribers in the 
town ; each subscriber, by turning a switch, can 
select the programme he wtots to hear. The 
subscriber is obliged by law to have a wireless 
licence. 

Rediffusion sers^iccs are specially useful in 
parts of Britain in which good reception on 
householders’ sets is difficult to obtain; or in 
industrial and business areas in which tall steel- 
frame buildings prevent good reception on the 
householders’ aerial, or passenger lifts and 
trolley-bus junctions cause clicking noises in the 
ordinary household wireless set. In large blocks 
of flats rediffusion can be econom, ally installed 
in all the flats at once. Rediffusion is, of course, 
confined to towns in which an cxctiange and a 
wiring system have been set up. In Britain, a 
wireless exchange or redifTusion centre is not 
allowed to provide programmes of its own on 
the subscribers’ wires. 

The first British exchange was started by a 
Hythe engineer in 1925, and others soon followed 
his example. I'he Post Office decided to put 
such systems on an official basis to prevent people 
receiving programmes without paying for a 
licence. In 1926 permission was given for the 
relaying of programmes in this way, so long as 
each subscriber took out a receiving licence. By 
1930 there were sixty such exchanges, serving 
about 14,000 subscribers, and by 1935 there 
were 340 exchanges with 200,000 subscribers. 
By the end of the Second World War the 
subscribers had reached 650,000. In 1935 a 
Government committee recommended that the 
exchanges should be run by the Post Office, 
but nothing was done. 

Rediffusion has long been popular abroad, 
notably in Holland and Germany. It is much 
used in British colonies, where it is not always 
easy to organize a complete broadcasting service 
locally. 

Rediffusion experts are seeking ways of ex- 
panding the services — of increasing the number 
of programmes available to the subscriber, 
developing the application of the system to 
larger blocks of flats and to hotels, and supplying 
a television service in areas where television 
stations have been set up. They arc exploring, 
too, the use of tlie electricity mains and the 
telephone network as a means of carrying pro- 
grji^mes into private homes. 

Sec WiRELEBB, History op. 


REFERENCE BOOKS. The purpose of a 
reference book is to give information in a brief, 
easily available form, so that a reader with ^ 
special knowledge of a subject can find ou^ijiWc 
facts he wants quickly. In nearly all reference 
books the information is arranged in alpha- 
betical order, or the reader is directed to what 
he wants by means of an alphabetical index {se 
Cataloguing and Indexing). 

I. Dictionaries. A dictionary is generally ; 
book which gives an alphabetical list of tin 
words of a language, with an explanation of tli< 
meaning, use, and origin of each, and sometime: 
a key to its pronunciation. The Greek word foi 
a dictionary was lexicon, from which we get oui 
word ‘lexicographer’, meaning someone wIk 
compiles a dictionary. The earliest ‘dictionaries 
mnHe by the Greeks and Romans only explained 
difficult or obscure w'ords, and wcie more like 
what we should call glossaries or vocabularies. 
Dictionaries that aim at giving a complete list o1 
w'ords in a language, the everyday w^ords as well 
as the difficult w'ords, arc compar atively modern. 

Tlie first English dictionary that became 
famous, and has remained so, was compiled by 
Dr. Samuel Johnson (q.v. Vol. V) and appeared 
in 1755. In it the ‘Great Lexicographer’ \^as he 
has been called) set out to fix a standard of good 
English, and therefore he atteiTi[)ted to be com- 
prehensive only so far as to include all of what 
he considered the ‘best’ words. He illustrated 
the meanings of words with quotations from 
different authors, a practice which has been 
followed in later dictionaries. Sometimes his 
entries make an amu.sing record ol his personal 
views - such as the entry for ‘Oats’: ‘A grain, 
which in England is generally given to horses, 
but in Scotland supports the jrcoplc.’ This dic- 
tionary is a great feat of scholarslnjj, and was the 
basis of most English dictionaries for over a 
century. 

The most comprehensive dictionary of any 
language is the New English Dictionary (or the 
Oxford Dictionary): the first part was published in 
1884. This aims to be a record ol every word 
in modern English (it does not include Anglo- 
Saxon), the changes in meanings illustrated by 
quotation from contemporary writings. It runs 
to twelve large volumes and a supplement. 
Smaller dictionaries, such as the Shorter Oxfofd- 
English Dictionary and the Concise Oxford Dic- 
tionary, have been derived from it. The New 
English Dictionary is the accepted standard for 
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English spelling and pronunciation. The stan- 
dard dictionary of America is Noah Webster’s 
Dictionary published in 1825, and later revised 
and enlarged. So famous has this dictionary 
become in America that the word ‘Webster* is 
noW often used as meaning a dictionary. Many 
dictionaries, of course, explain the meaning of 
the words of one language in another language 
— such as Greek-English or English-French dic- 
tionaries. There are also special dictionaries 
dealing with words or terms of a pat ticular kind, 
such as slang, technical terms, proverbs, and 
place-names. 

2. Engyclopakdias. The word ‘encyclo- 
paedia’ comes from the Greek enkukVoSy ‘circular’ 
or ‘complete’, and paedeia, ‘education’. A dic- 
tionary is normally, as we have seen, a book 
which explains the meaning of w'ords, and often 
phrases. An encyclopaedia, such as you have in 
your hand, explains things and ideas. Some aim 
at giving information on every possible subject; 
others deal with some special branch of know- 
ledge. 

Books of the encyclopaedia kind were com- 
piled even in Roman times. Pliny (a.d. 23-79) 
compiled a great work called Naturalis llutoriay 
which dealt with the physical Universe, geo- 
graphy, ethnology, and antiiropology (see page 
53). One of the earliest modern encyclopaedias 
in English was the Cyclopaedia, or Universal 
Dictionary of Arts and Sciences, by Ephraim Cham- 
bers, published in 1728, in which a system of 
cross-references was used. The Encyclopaedia 
Britannica was first published at Edinburgh be- 
tween 1768 and 1771. Since 1929 the Encyclo- 
tiaedia Britannica has been published in America 
by the Encyclopaedia Britannica Co. Amongst 
other important modern encyclopaedias is 
Chamberses Encyclopaedia, published first in Edin- 
burgh by W. and R. Chambers, between i860 
and 1868. 

3. Almanacs. An almanac is a yearly calendar 
of months and days, giving information, usually 
astronomical, about such matters as the# times of 
sunrise and sunset, or the phases of the moon. 
Almanacs of the modern kind, dealing with a 
single year, date from about the i6th century. 
The most important British astronomical al- 
manac is the Nautical Almanac {see Navigation, 
Marine) . Whitaker's Almanack, first published in 
1868, is much more than an almanac — it is a 
collection of current information of all kinds. It 
describes itself on the title-page as a work ‘Con- 


taining an account of the astronomical and other 
phenomena, and a vast amount of information 
respecting the Government, Finances, Popi^- 
tion. Commerce, and General Static tics of#?hc 
various nations of the world, with an* Index 
containing 35,000 references’. The index is an 
essential key to the entries, which are not in 
alphabetical order. 

4. Miscellaneous. There is a great variety 
of other reference books such as gazetteers (geo- 
graphical dictionaries of places) and atlases, as 
w'ell as directories, such as the Post Office Guide — 
a key to all the places in Great Britain. 'Phe 
Annual Register, started by Robert Dodsley in 
1 758 and kept up ever since, consists of a volume 
for every year, in w^hich arc recorded the main 
events of that year. Who 's Who is a dictionary 
of prominent living people, and is revised every 
year. The Dictionary of National Biography, first 
published between 1885 and 1900, contains in 
alphabetical order the lives of all notable Britons 
who died before 1901, over 30,000 of them. 
It has been regularly brought up to date by 
supplements every 10 years since then. 

There are a great many books of reference 
covering a single subject; some of them, such as 
Black’s Medical Dictionary, Grove’s Dictionary of 
Mmic and Musicians, or Bi ewer’s Dictionary oj 
Phrase and Fable, arc standard reference books to 
be found in any well-equii)jjed library. Many 
others, covering sulyects such as gaidening, 
engineering, art, or natural history, are planned 
either for the general reader or tl^c student. 

See also Libraries. 

REFRIGERATED SHIP, Ship. 

REPORTER. Everything that is printed in the 
new^s columns of a newspaper or broadcast in a 
B.B.C. news bulletin is based on the w^ork of a 
reporter, and is often phrased in his own words. 
Only mep and women of ability can carry out 
the responsible work of experienced reporters. 
A reporter may be permanently engaged on one 
subject which demands special knowledge, such 
as parliamentary, art, or sports reporting; or he 
may be a general reporter, which requires great 
versatility and enterprise. He may become a 
foreign correspondent, working abroad, or a 
B.B.C. radio reporter, frequently speaking his 
news into a recording machine for transmission 
‘on the air’. 



359 REPORTER 



RI- PORTERS AND PRESS PIIOIOGRAPHI RS IN DOWNING STREET 

They are waiting to meet statesmen as they leave No. lo 


'riie rank-and-file reporters on a morning or 
evening pafXT in a big city have lo do a good 
deal oi routine work, leporting the meetings of 
th»‘ town council and its committees, the regular 
sittings of the magistrates’ courts, county courts, 
and occasionally the assize courts, speeches at 
public lunches and political meetings, interviews 
with notable visitors to the town, football 
matches, or the rapid collection of accurate 
inlormation at' the scene (if a railway or road 
accident or at a serious fire, when many eye- 
witnesses are both confused and careless about 
what they say, and have to be questioned wath 
care. 

The reporter of a large newspaper must be 
ready for every kind of adventure. He may' be 
called out of bed by telephone to drive to an 
airport; where an aero])lanc privately chartered 
by his liew^spapcr may be waiting lo take him 
out to sea in search of a sunken submarine or a 
burning passenger liner. lie may hav** to fly to 
a far part of Europe if a notable fugitive from 
justice is arrested, or he may have to hurry to 
the Old Bailey criminal court to describe the 
death sentence bring pronounced upon a mur- 
derer. He may be posted for days at a dock or 
coal-mine, during a long industrial dispute, in 
which both parties w'ill distrust reporters and 
refuse to talk to them. He may suddenly be 


('ailed on to report on subjects about which he 
know'S very little. Sometimes his jobs arc excit- 
ing; olten they are slow and tedious. 

The foreign correspondent is ime of the most 
responsible members of a new'spaper’s staff. 1 le 
must have the judgement to know, from day to 
day, what British people at home w'ant to read, 
and what policy his editor would adopt over any 
in-m of foreign news. He must be able to W'in the 
CO ‘idcnce of his informants -often difficult for 
a loreigner. He must plan his own work week 
l>y wTek, wdth only occasional instructions from 
headquarteis, and he must make his own 
arrangements for telephoning or telegraphing 
his news to Britain, always allowing lor tele- 
graphic and censorship delays, and fir differ- 
eiu es in local time. 

A radio correspondent docs much of his work 
like other reporters. But sometimes his reports 
depend on listeners hearing either tlie radio 
reportci s voice, or voices and sounds as heard 
by him at the scene of some public event. Much 
use is made of recording cars. These arc pow er- 
ful private cars containing gramophone turn- 
tables, electrical recording apparatus, a stock of 
recording disks, and a long rubber cable with a 
small hand-microphonc at the end. A recording 
engineer in the car starts the mechanism, ^d 
the radio reporter holds the microphone to his 
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own mouth and speaks into it; he may then hold the air with paratroops at Arnhem, in Holland, 
it to the mouth of someone whom he is inter- in September 1944. While crouched in a slit 
viewing, or he may turn it towards the scene he trench, cut off by German armies in the middle. 
is reporting in order to pick lip sounds, such as of a very bitter battle, Maxted made his bJSws 
cantering horses or cheering people. Selections recording. During the wai radio reporters, 
from these disks aic then incorporated into the among other dangerous tasks, were sometimes 
news programmci During the Second World carried over enemy cities in bombers. 

War the B.B.C. devised for its war correspondents A skilled form of reporting is carried out by 

a midget recorder, about the size of a portable Press Photographers. A reporter who is writing 
gramophone. Stanley Maxted took such an a description of an event can do his work after 
instrunient with liiin when he was dropped from the event has happened, or can collect informa- 
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T\\^*I^venfie is in the centre with the foremast shot away. Tapestry lent to the National Maritime Museum, Greenwich, 

* by M, Hypolite Worms 
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tion by tclephonr; but the photographer must and was a unit of the Eastern Fleet during the 
be on the spot before the event occurs. Second World War. * 

. See also Journalist; Newspaper; News Broadcasting. Sec also Vol. X, Sea Warfare. 


RES*PAURANT*CAR, see Railway Coaches, 
Section 5,. 

REVENGE, H.M.S. The first Revenge was a 
man-of-war, of the new galleon type [see Sailing 
Ships), built for Queen Elizabeth at Deptford 
and launched in 1577. She was named, it is 
thought, by Elizabeth’s choice, to show her wish • 
to avenge the French religious massacre of St. 
Bartholomew’s Day (1572) or the Spanish one at 
Antwerp (1576). Sir John Hawkins’ sailors 
t onsidcred the name unlucky, revenge being the 
light of God alone: certainly, the Revenge was 
four times nearly lost by shipwreck before being 
taken by the Spaniards. 

The Revenge was commonly rated as 50c tons 
and was smaller than the Ark Royal (q.v.) of 
700 tons; she carried proportionately fewer guns, 
1)U*^ more serviceable for foreign service. 
She had four masts, and the fore and main 
masts were square-rigged. Her upper- works were 
painted green, a favourite Tudor colour. She 
was the flagship of Sir Francis Drake throughout 
llic Armada campaign, capturing the flagship 
of Pedro dc Valdes and leading the attack in the 
fight off Gravelines, after the Spanish fleet had 
Ijeen put to fliglit by the threat of the fire-ships. 

In 1591 a considerable English squadron was 
sent to the ^zorcs (Portuguese islands in the 
Atlantic) commanded by Lord Thomas Howard, 
with Sir Richard Grenville in the Revenge as 
second-in-command. This force was surprised 
by an overpowering Spanish fleet commanded 
by Alonso de Bazan. Howard got under way 
and led liis squadron to a rafe position to wind- 
ward of the Spaniards; but for some reason Sir 
Richard Grenville hung back in the Revenge, and 
then took on the fifty-three Spanish ships single- 
handed and fought them for 15 hours. Two 
Spaniards were sunk and two so disabled that 
they had to be abandoned, befoi« Grenville 
was persuaded to surrender, himself Aiiortally 
wT)unded. He gave up the Revenge a wreck, and 
a hurricane shortly took the ship and the prize- 
crew to the bottom. T he story of this engage- 
ment has been made well known by Tennyson’s 
ballad The Revenge, 

Th^re have been eight ships called Revenge in 
the Royal Navy; the eighth fought at Jutland 


RICKSHAW (Jinricksha). This light, tw^o- 
wheeled vehicle is drawn by a man. The bbdy 
of the vehicle is mounted cn springs and large 
wire-spoked wheels, with two shafts for the man 
to grasp, and a movable hood to cover the pas- 
senger. It is believed to have been invented by 
a missionary to Japan about 1870, and its name 
is made up jfrom the Japanese words for ‘man’ 
jin, ‘power’ riki, and ‘vehicle’ sha. It quickly 
became popular in Japan and China as the suc- 
cessor to the Oriental form of Sedan Chair (({.v.), 
and was later introduced into Africa and India. 
It is used in Indian hill -stations such as Simla, 
w^herc horse-drawn vehicles arc not prai tical. In 
South Africa rickshaws are drawn by Zulus, who 
arc sometimes dressed in ostrich feathers, paint, 
and beads. Jinricksha men have been known to 
run 20 miles with their carriages at a speed of 
6 miles an hour. 

T he hand-drawn rickshaw is now little used 
in the big cities of China and Japan, where it 
has been mainly replaced by the ordinary motor- 
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taxi. In somr towns rickshaw tricycles are seen, 
prbpellcd by pedals. 

RIGHT OF WAY. This means the right of the 
public to a free passage along a road, bridle-way, 
or footpath. I’he route must be one along which 
the public would hUve a reasonable purpose for 
going — that is, it must lead from one public 
place to another, from a road to a village or 
another road, or a short route from one village 
to another; or to some special point of public 
interest, such as a view-point, a •vvaterfall, or 
the sca-shorc. A route from a road to a private 
house, for instance, could not be considered a 
reasonable right of way. 

I'he legal establishing of a right of way 
depends, as docs so much of English law, on 
continuous custom. A public right of way may 
be created by an Act of Parliament, but in 
the great majority of cases it comes into existence 
by a ‘dedication’, tliat is, by the owner of the 
land giving the public the right to use it. 
Dedication is not always easy to establish, and 
in the past so many disputes arose that the 
ClomiTKuis, Open Spaces, and Footpaths Pre- 
servation Society made representations to Parlia- 
ment, \\hich resulted in the Rights of Way Act 
of 1932. This Act provided that where 20 
years of continuous and undisputed use of a 
path by the public can be shown, then ‘dedica- 
tion’ by the owner can be assumed. If an owper 
wishes to prevent a path through his land from 
becoming a right of way, he must do something 
to show that he does not intend to dedicate a 
public right of way; for example, he must close 
the path occasionally by locking gates, or he 
must display ‘Private’ notices, or take some other 
steps to turn back members of the public. If, 
however, a right of way has been established, 
the owner may not legally put up any obstruc- 
tion to a free passage. 

See also Vol. IX: Walking. 

RIVER NAVIGATION. In ancient times, 
when land communications were difficult because 
of forest and swamp and the absence of roads 
or wheeled vehicles, rivers were often the only 
means of transporting any but the lightest goods, 
and, indeed, often the <.;nly means of travel at 
all. In some little developed parts of the world, 
such as parts of equatorial Africa and America, 
wheft| the country is largely dense forest or 
swamp, the great rivers, such as the Congo and 


Amazon (qq.v. Vol. Ill), are still the principal 
highways. It is not surprising, therefore, that 
early man evolved a boat {see Primitive Ships) • 
before he evolved a cart {see Oarts j 6 ^d 
Wagons). * * 

The great cities of Ancient Civilizations (q.V. 
Vol. I) were almost always built, on river banks. 
The cities of Egypt grew up along the Nile (q.v. 
Vol. Ill), and communicated witJi each other 
by boat along the river, and down the river to 
the Mediterranean. The cities of Mesopotamia 
grew up along the Tigris and Euphrates, and 
those of ancient India on the Ganc;es and Indus 
(qq.v. Vol. III). I'he fertile land in these river 
valleys brought wealth to the early settlers, and 
the different settlements began to ex( liangc the 
goods they had for those they wanted liy carry- 
ing them by boat. The poj)ulations in the river 
valleys tended to increase rapidly, and the com- 
munications made possible by the rivers in 
course of time resulted in the separate groups 
uniting into nations. 

River travel in ancient days, however, w'as 
sometimes made difficult by frequent and violent 
floodings, by the fact that rivers changed their 
course, and by the silting up of the channel, 
llie problem of controlling rivers is a very 
ancient one. Many great rivers extend far inland 
at an easy slope and could, therefore, be 
navigated by small craft wdth little more im- 
provement of their condition than the rcmo\Ml, 
where possible, of sand-ba'nks and fallen trees. If 
the river was cut up by rapids or waterfalls, the 
cargo from the boats, and also the boats tliem- 
.selves, w'ould be carried past the rapid or up the* 
rise in level by men and pack-horses. Some 
rivers, such as the Rhine, have a natural even 
flow of w ater both winter and summer. Othei 
rivers, however, such as the great Yellow River 
in north China, are subjext to periodic floodings, 
or their course is broken by rapids and gand- 
l)anks. Some rivers, especially tidal rivexs, silt 
up with sand and mud more than cithers. 

Most rivers have to be ‘canalized’, and their 
flow of water regulated. The aim of canalization 
is to provide a channel of reasonable width and 
depth, to protect the sides of the river so that 
earth will not be w^ashed away and block the 
channel with mud, and to make it possible for 
water after rain to escape without flowing over 
neighbouring land. Sometimes storage rc.ser- 
voirs for flood water have to be built at high 
levels to provide for regular supplies of watc*r 
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durinp; dry weather. Improvement of river 
navigation began by increasing the length of 
channels vvliich boats could use in the estuaries. 
Modem Dredgers fq.v.) now serve to keep clear 
fioin silt <i navigable channel for vessels. 

The dillic iilty of raising boats from one level 
of water to anotlier, without carrying the boat 
overland, was at first met by a method of inclined 
planes with rollers for raising the boat, Then 
i hanges ol level were produced by the building 
up of rough weirs to dam up the water lor a 
short time, so that boats could float by. Later, 
openings were made in these crude weirs, and 
these were titted with gates or planks v^llich 
could *be opened or removed to allow boats to 
pass. Later still, a new channel with ^ lock w'as 
l:)uilt round the sliallow places, navigation depth 
being kept by the w^ir built acros the river 
lower down (see Locks and Weirs). 

These improvements in river navigation came 
slowly, and developed according lojthe nature 
of a river and the needs of the country or peoples 
it served. Sometimes a river was also used for 
generating power to work water-mills, as were 
many English rivers, or for Irrigation (q.v. 
Vol. VI) of farm land in hot, dry lands, as w ere 


and still are the Nile in Egypt^ the Ganges in 
India, and many great rivers in China and 
America. These other uses for the rivei have to 
be kept in mind when making improvements 
for the purposes of navigation. 

^n England there were many early Acts of 
I liament relating to rivers and their con- 
scivancy. Navigation improvements were often 
prevented and traffic held up by the owners of 
water-mills, who w^rc joined by landowners 
learful of losing their fishing and w^ater rights — 
for in the days ot few' w^aterworks and public 
watcT-mains, a stic*am of water running through 
one’s land might be of great value. In spite of 
sc^mc improvement, rivers still contained many 
'shoals’ or shallow places; in times of drought 
there \ as a lack of water; in times of rain, floods 
destio)cd the banks built to preserve navigation; 
few navigable rivers had towing-paths for horses, 
and w^iere these existed they were frequently 
blocked by high stiles and fences. Action for 
making the river navigable was often prevented ; 
in 1759, for instance, a clause was inserted in 
the Stroudwatcr Navigation Act prohibiting the 
use of locks. The first lock on the Thames at 
Teddingto'n w'as not opened until 181 . ^ome 
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early forms of weirs called staunches are still 
used on the Thames above Oxford, and there 
were staunches on the Severn until 1842. It is 
not, therefore, surprising that by the middle of 
the 1 8th century the principal centres of trade 
were the coastal towns, since inland trade was 
hampered by the lack of a reasonably economical 
means of transport. 

As good navigable rivers provide a cheap form 
of transport, especially for heavy goods, the great 
rivers of the continent of Europe have had an 
important influence on the commerce in the 
countries they serve. Large continental rivers, 
now mainly controlled by the State or even by 
an international commission, have been im- 
proved and canalized from early times, and vast 
sums have been expended in keeping them up 
to date. The Rhine (q.v. Vol. Ill), nearly 800 
miles long, is the most important river in 
western Europe, serving as it does ^Tolland, 
France, Germany, and Switzerland, with con- 
nexions to Belgium. It is a very busy route, with 
many inland ports of some size, such as Duisburg 
and Cologne. Mannheim and Strasbourg have 
large inland docks, and the Ruhr area, through 
which the river passes, has been the heart of 
industrial Germany, 7 'hc Rhine Barges (q.v.) 
arc .an economical form of transport for the 
hcav^ raw materials and goods of this manu- 


facturing region. Since 1815 the Rhine has been 
under the control of a permanent international 
commission, whose duty it is to watch over 
the interests of the countries concerned in the 
navigation. 

The Danube (q.v. Vol. Ill) is another river 
controlled by an international commission — the 
European Commission of the Danube, Which 
was set up in 1856 after the Crimean War. This 
great river, which is navigable from the Black 
Sea right into Germany, links the capital cities 
of Belgrade, Budapest, and Vienna, as well as 
great river ports such as Bratislava and Turnu 
Severin. It is connected by canals both to the 
Rhine and the Elbe. The Volga (q.v. Vol. Ill), 
the longest European river, has been an impor- 
tant trade route for many centuries. It connects 
great industrial cities such as Stalingrad, Saratov, 
and Gorki, and is linked by canal to Moscow, 
to the River Don, and to the Baltic and White 
Sea {see Russian Canals). In France the River 
Seine is navigable for vessels of lo-foot draft 
throughout the length from Rouen to Paris, a 
distance of 226 miles, over which the river is 
canalized. 

China has three great navigable rivers, the 
Yellow River, the Yangtze, and tlie Si-Kiang 
(qq.v. Vol. Ill), and over 25,000 miles of river 
are navigable by steamers and junks. The 
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Irrawaddy (q.v. Vol. Ill) is a vital waterway 
navigable for some 900 miles through Burma. 

The United States ol America is also a country 
of great nivers, of which the Mississippi river 
system (q.v. Vol. 'll!) is perhaps the most impor- 
tant. The Mississip])i, with its tributaries Mis- 
souri and Ohio^ has over 6,000 miles of authorized 
navigable waterway, as well as many hundreds 
of miles on the other large tributaries, such as 
the Arkansas. During the present century much 
has been done to improve the natural rivers of 
the United States and Canada by canalization 
and to connect by canals the great natural water- 
ways, especially the Great Lakes {see Welland 
Canal) and the Ohio and Hudson Rivers. 

Sec also PRiMrnvE Ships; Canals. 

See also Vol. Ill: Rivers. 

ROAD BUILDING, Vol. Vlll; Road 
Bun d1n(;. 

ROADS (His lORY of). The modern meaning of 
th., v.i/id ‘mad' date.s only from about the time 
of Shakespeare; the earlier terms used were 
either ‘way’ or, if a properly made surface were 
intended, ‘street’. The last comes from a Latin 
word meaning ‘to strew or pave', and can be 
found to-day in the names of many English 
])laces (such as Streatham, Stratford, Streatlcy, 
Stretton) on or near one of the old Roman 
Roads (q.v.), which were usually paved or 
metalled. 

The earliest road-users did not have wheeled 
vehicles, and so the earliest roads were little more 
than tracks, having no artificially strengthened 
surface from the remains of which we might be 
able to trace their routes* we can only sketch 
some of them roughly from the finds of buried 
merchandise made along their courses. In this 
way we know that as early as 3000 b.c a road 
ran from Afghanistan through Persia and Arabia 
to Egypt, and that along this was brought ‘lapis 
lazuli’, a valuable blue stone. About, 1,000 years 
later there began a steady trade in amber from 
Denmark and the Baltic along a 1 ’d running 
right across Europe to north Italy {see Trade 
Routes). The most that was done tc make and 
keep these ancient roads fit for traffic was per- 
haps the removal of large boulders or the filling 
of soft places with gravel, stones, or brushwood, 
and not even thi . was done if a way round could 
be fopnd. In thick bush country, as in Africa, 
the earliest roads followed the game-trails 


trampled out by heavy animals, because the 
tools of early man were not capable of felling 
trees or even hacking through bushes without 
great labour. Irt America it was the bison, a 
Very heavy animal needing firm ground and 
ea.sy gradients, which blazed the trails later 
followed by Indians and thon hy the white men 
(see American Trails). So the expresses of the 
Canadian Pacific Railway thunder across the 
Rocky Mountains to-day through passes first 
discovered 'by the bison, and many modem 
Amciican main roads owe their routes to the 
same animal. 

The oldest pav6d road known was made by 
Cheops, the Egyptian king who built the Great 
Pyramid befene 2700 «.c. Its purpose was 
to allow the huge granite facing-blocks to be 
dragged and rolled to the site. In Gliina there 
is a saying that a road is good for 7 years 
and then bad foi 4,000. The date of the first 
emperor, Fu Hi, is given as 2800 b.c. ; and cer- 
tainly, to administer his vast empire, he must 
have needed roads, though probably these were 
paved only in the towns. A later empcroi, Shi 
Hwang I'i, who came to the throne in 2^6 n c., 
is famous loi tlie roads he made. The imperial 
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roads of China, about 2,000 miles in length, 
weic at their best, bioad, and paved with great 
slabs ol stone. I’hey ^^ere connected by a net- 
work of lesser roads. Rivers were bridged 01 
crossed by ferries; mountains were tunnelled or 
climbed by broad easy steps suitable lor pack 
animals. Chinese roads were deliberately made 
ciooked to discourage evil spirits, who were 
believed to travel only in straight lines. 

Just when trade between China and the 
western world began is not known; but by the 
6th century b.c. Persia had already been impoi t- 
ing raw silk for many years. The Chinese mer- 
chants are said to have linked up at Kandahar, 
in Afghanistan, with tfie travellers from the west, 
who no doubt used the old lapis lazuli road. In 
the 1st century b.c. a large trade grew up be- 
tween China and Rome, silk being bartered for 
such things as coral, amber, ivory, and tortoise- 
shell. The Romans were b> far the greatest road- 
builders of the ancient world, though they may 
have.learned useful lessons from Carthage, the 
city oA the north coast of Africa which, with a 


population at one time ol over a million and an 
empire stietdhng light along tlie sonlh sho:e ol 
the Mediterranean and across into Spain, must 
have needed a good system ol loads. At its 
height the Roman Fanpiie contained more than 
5o,ocjo miles ol excc llerit loads radiating from the 
capital to the laitliest corncis of the dominions 
{see Roman Roads). 

For many centuries alter the fall of Rome in 
the 5th century a.d., haidly any new roads were 
built in Europe, and only in France was anything 
done to keep the old Roman roads in reparx\ It 
was in France, too — but not until 1764 — that 
Pierre Ticsaguet made the first really successful 
roads since those of the Romans, whose methods 
he probably copied. Tr^saguet, however, made 
the foundations of his roads, composed of stone 
blocks set on edge, with a camber parallel to that 
of the road surface. A few years later Napoleon 
put the whole road system of France into 
thorough repair to help the moving of his armies. 
He also built the first roads for wheeled traffic 
through the Western Alps to Italy (the passes 
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through the Eastern Alps were far easier and Stone Age man lived mainly on high giound 
had long earned roads) The modern and especially on top of the chalk downs oi 

and autoslrade of Germany and Italy, the most southern England He developed a new system 
advanced examples of modern road-makmg of tracks, which tollowed the crests of the hills 
in Europe' were ^ also constructed lor militaiy and an theiefoie called ‘iidgew ay s’ Hk centre 
reasons With these exceptions the history of of this system was Salisbury Plain with its t;^\o 
roads in •Europe ficnn Roman times onwards great temples at SionfiiinCxF and Am bi uv 
can be judgeck from Roads, Briiish (q V ) In (qq ^ Vol I) Every few miles along these ro ids 
America, except in the large towns, the art of he made enclosures, surrounded liy r imparts 
good rc^ad-making, as we know it, is little oldti and ditches, into which he could diivr his i attic 

than our own century at night I^atcr, some of these camps wen 

See also Roads, Brihsii Macadam Roads Rovds developed into immense fortresses such as 
Modirn Aiavkan Highway, Burma Ro\d Maiden C isflc in Dorset {hl I VklilwoKKs AM) 

HiiL-roRis Vol I) It w IS in such plucslhat 
ROADS, BRITISH riiisTORY ot) Men of the the Aiie rent Bi itons put up some of then loughe st 
Old Stone Age, who knew noth ng of farming fights ag unst the Roman le gions l)e Iwc cn a n 4^ 

and lived by hunting the herds of bison, rein- and 47 But at It ist 2 000 yens bcloie that 

deer, and little wild horses that roamed Britain Britain had begun to export Un abroid lor the 
perhaps some 8,000 or 9,000 years ago, appear in iking of bron/c It w is mined in ( ornwall 
to liave dc VC loped an extensive system of track- and wc know lli it long before the Rorn ms c inie 
ways and to have guidc^d travellers along them it used to be sent m wagons icioss southein 
by a sc rics of marks so plac ed that the next ahead J ngHnd to the Isle of Wight Kent 01 even 
was always 111 sight Ihus a greit stone might 1 ssex wiieie it was put on bond ship This 
be reared on its end or an earthen or gravel could hardly have been done VMthout rc isona))lv 
mound (tumulus) thrown up (hi sky-lines a good loads [see also Cart and Wac.onj) 
notch might be cut, on lower ground a circular When tlit Romans concjuercd Britain tht\ 
inoaf or pond might be dug Ihcsc marks can made their work secure by liuildmg a eonqihlc 
still Ik found to-day, running m dead straight system of roach [ste Roman Rovds) I he gie it 
lines 01 leys and the reason wc date them so value of these was not only that their splendid 
111 hick as the Old '^tonc Age is that onlv at eonsti ue tiejii allc3wed them to st ind ccnluiics ol 
tint puticulai time, when the climate was so neglect, but tint in elioosing London is the 
diy and cold that hardl> anv tiers could grow eenlre ol the system the Rom'ins in ich a choiet 
ind Britain was inostl> gi iss-eovered open v Inch has not bee n dispute d sine e 
countr), could many of 
the m have been seen With 
the w inner moiste 1 weather 
wlneh followed the Great 
Ice Age, dense forests and 
lluckets sprang up, which 
must have made them 
hugely useless {see Prehis- 
toric. Man, Vol. I) 

I hc?n c ame a new sort ol 
m in who had learned how 
to farm and was altogether 
rnoi e civilize d But because 
the wetter climate had 
turned much of the low- 
lying ground into vast 
marshes, and because the 
clearing of heavy or tree- 
covered land was too much 
for his crude tools. New 
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All lliiough medieval times it was generally his toll, and Trusts were appointed to see that 
thgught thauif a road got bad, all it needed was the money was well spent. Under this system, 
a rest and it would mend itself without the need in spite of its abuses, British roads gradually 
for any work. So traffic would make wider and became good enough for the great coaching days ' 
wider detours round bad places, until someroadj of the i8th and early 19th centuries, when they 
wese in places over 100 yards wide, and equally were probably the best in Europe {see Yurn- 
bad from one side to the other. No one was pike). 

responsible for keeping the roads in repair; and The first good roads to be n^de in Britain 
although people did not mind doing a little to after Roman times were built in Scotland by 
mend the short lengths they themselves used. General Wade some years after the Jacobite 
they did not see why tlicy should koep up roads Rebellion of 1715, and were military. Then, in 
to be used by travellers from a distance. There 1737, Robert Philips read a paper on road 
was a vague obligation on the Lord of the Manor construction to the Royal Society. In this he 
to have such work done, but his duty was claimed, as McAdam did later, that the surface 
generally neglected. On the whole it was the of a well-made road should be consolidated, not 
great abbeys and monasteries whi» h did most pulled up, by the action of the traffic passing 
for the roads; and the dissolution of these by over it. But Philips’s paper brought no immediate 
Henry VTII led to even greater neglect just at 
a time when the growing trade of the country 
called for better transport. 

Until then, trade had been so local that long- 
distance roads were hardly needed, except by 
armies on the march. In 1555 the Highway Act 
was passed making each parish responsible fot 
its roads and obliging each inhabitant to do 6 
days’ work a year on them. This was generally 
evaded and, as the roads got worse and worse, it 
was followed by all sorts of foolish Acts regulating 
the weight of loads, the width of tires, or the 
number of animals drawing each vehicle: almost 
everything was tried except the building of good 
roads. 

In general as much as possible was sent by 
pack-animal rather than on wheels. For if a 
pack-horse became bogged in a mud-hole, it 
could generally be relieved of its load and 
dragged out; but a bogged wagon might have 
to wait there for the coming of summer. (Heavy 
trunks of trees needed for ship-building often 
took many months, or even several years, to 
travel to the coast.) And so long files of pack- 
animals, bearing bales of cloth from Gloucester- 
shire, pottery from Staffordshire, and coal from 
the Black Country, were a familiar sight until 
little more than 200 years ago; and mo:&i of the 
few bridges built during medieval times were of 
the narrow, hump-backed kind now known as 
‘pack-horse bridges’ {see Bridges) . 

In 1663 the first Turnpike Act made the 
experiment of collecting money for the upkeep 
of roads from those who used them. Toll-bars cHAkc.Ls ior hiking horses, 1824 

were built, each with its turnpike or barrier, table of ‘posting’ prices Is taken from Leigh’s JVew 

which stopped the traveller until he, had paid Pocket Road Book oj England, Wales, and Scotland 
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result. From 1 765 onwards, however, a Yorkshire- 
man, John Metcalfe, in spite of the fact that'he 
was blind, built 180 miles of excellent turnpike 
roads. He was followed in the early igth century 
by Telford, the famous engineer and bridge- 
buildA*, who built many hundreds of miles of 
roads in. England, Scotland, and Wales. At 
about the samQ time John Me Adam was working 
on the system of road construction that was to 
make his name famous. Unlike the roads of 
Tr^saguet, Metcalfe, and Telford, Macadam 
Roads (q.v.) had no expensive foundation of 
heavy stone: they consisted simply of one layer* 
of broken stone, laid direct on the subsoil. The 
idea was greatly ridiculed at first; but when it 
was found that such roads lasted well and were 
far less tiring to horses because of their slight 
‘give’, McAdam’s system triumphed. 

For about 60 or 70 years after the coming of 
tlic railways in the middle of the 19th century, 
roads lost much of their importance until the 
development of motor transport in our own cen- 
tury. The invention of the pneumatic tire in 
18G0 raised quite new problems of road con- 
struction. Instead of rolling the stones of the 
surface into place, as iron tires do, the rubber 
tire tends to suck them loose; and the dust 
ground ofi' these stones, which should help to 
cement them together, is blown away by the 
fast-moving car. Choking, blinding clouds ol 
dust used to hang over the main roads of the 
late 19th century. Many experiments were tried, 
including the application of sea water and of 
various chen\icals. But tar was found lu be most 
effective in preventing dust and holding the 
broken stone firmly in place. At first the tar was 
applied either by brush or spray; but later it w’as 
found better to make a ‘tarmacadam’ sufface in 
which the broken stones are completely coated 
with tar before being laid and rolled. 

With the ever-increasing speed and weight of 
modern road vehicles, the foundations of main 
roads -have to be immensely strong. The cost ol 
such roads is far too heavy to be borno by anyone 
but the Government. The last of the Turnpike 
Trusts was abolished in 1895, whci the roads 
were handed over to the Local Authorities. 

See abo Roads, History of; Roads, Modf.rn ; Horsf. 
Transport ; Moior Transport. v 

See also Vol. VIII; Road Buiidino. 

ROADS, MODERN. All industrial countries 
have been forced by modern motor transport to 


create road systems, or to improve those they 
had before. Britain, with 18,000 niilcs of road 
and 3 million licensed motor vehicles, carries 
more traffic for its length of roads than any 
other country. Main roads bearing long-distance 
traffic are so important to the nation’s business, 
and their cost of building is so high (sometimes 
more than £100,000 a mild), that they cannot 
be paid for, as in the past, by the towns and 
( ountics through which they pass. The principal 
loads are therefore planned by the Ministry 
of Transport, a Government department set up 
in 1919. They are partly paid for with money 
laised by taxation. All other road costs are 
paid by local authorities, with money raised b> 
rates. 

British roads are classified in three groups 
under a system devised in 1919. The arterial 
roads, so called because they might be compared 
to the ai terics in the human body, are known as 
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The roads cross each other at three levels, allowing a continuous stream of tralTic from seven directions 


‘A’ or Class I roads; these include the principal 
roads radiating from London to far parts of the 
country, and many roads joining big cities. A 
certain number of ‘A’ roads, known as ‘trunk 
roads’, are of such special importance that the 
Government pays the whole cost. For all other 
‘A’ roads the Government pays three-quarters 
of the cost of maintenance or improvement. 

A second group of classified roads consists of 
‘B’ or Class II roads, which are a little less impor- 
tant than ‘A’ roads. The Government pays a 
slightly smaller share of their cost. Last comes 
a third group, which has no official name, and 
for v\hich the Government pays only half tlie 
cost. All other roads arc described as ‘unclassi- 
fied’, and are solely the responsibility of the 
county or borough in which they run. 

Each road in the first two classes, ‘A’ and ‘B’, 
has a different number, which appears on all 
signposts, so that a motor driver can find his way 
across Britain if he has previously looked up 
the numbers on a map. For this purpose, Eng- 
land and Wales are divided into six zones marked 
by the six great trunk roads which radiate from 
London, and which are numbered A i to A 6. 
Scotland is divided in the same way by A 7, A 8, 
and A 9, which radiate from Edinburgh. All 
‘A’ and ‘B’ roads starting in the sector between 
A I and A 2 begin with the figure ‘i’; all roads 
between A 2 and A 3 begin with ‘2’, and so on. 
Thus a motorist might set off from London along 
the Bath Road, a trunk road which is called A 4, 
and on reaching Reading might turn off to an 
ordinary ‘A’ road called A 4009; then at the 


village of Neltlebed, he might turn into a Class 
if road called B 481. A road keeps its number 
throughout its lengtli: the A fi load at Carlisle is 
still A b at London, 298 miles away. That means 
that some cross-country roads, if they are long 
enough, will continue to carry their zone num- 
ber in a different zone. For instance, road 
A 428 runs from Coventry in Zone 4 across 
to Northampton in Zone 5, past Bedford into 
Zone G, and after that it joins the A i road. 
The idea of road cla.ssification is not new. The 
Romans had three classes of roads, the most 
important being maintained by the State, /fhe 
British system is roughly similar to those of 
France, U.S.A., and other countries. 

The building of modern roads has developed 
slowly in Britain, partly because of their exfiense. 
Wherever possible, old 1 oads ar e inipi oved rather 
than new ones built. 'Frunk roads run in places 
over Roman or medieval roads, such as the Great 
North Road, Bath Road, and Dovlr Road 
(qq.v.). Parts of Britain are so thickly pojrulated 
that it has been difficult to plan the long-distance 
high-speed motorways which exist in some coun- 
tries. The 'finest British road-building may be 
seen in by-passes, roads which allow heavy traffic 
to pass round a city, town, or village instead of 
through its narrow streets. Some by-passes are 
built in long, graceful curves, with two concrete 
carriageways for one-way traffic divided by a 
raised strip planted with shrubs; separate cycle 
tracks arc sometimes laid. At the crossings of 
important roads, roundabouts are built (j/'^Ruad 
Tr.\ffig Control). In London, the North (^ir- 
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cular Road, although passing through populous 
suburbs, is an instance of a form of by-^ass which 
enables last traffic, free ol speed limits, to a\uid 
the centre of the city. 

Germany, Italy, and the USA. have been 
pioneers in building high-speed motorways The 
German autobahnen and Italian ahtos trade are 
fenced in, and motorists are admitted to them 
only at special gates, where they pay a toll. Once 
inside, the') can travel at 8o or 90 miles an hour 
if they like, for there arc hardly any junctions, and 


no slow-moving traffic is allowed In Germany 
and U.S A. modern devices such as ‘fly-over* 
juncf’ons and ‘clovei-lcaf* crossings arc used, so 
that traffic is earned over busy junctions by 
means of bridges, and drivers w ho w ish to turn 
off the main road by moving to the ‘pavement 
side’ need not get in the way of faster traffic 
which is ovei taking them. 

See also Roads, History of, Roman Roads, Roads, 
British , Road 1 raffic Coni rol. 

See also.Vol VIII. Road Buildino. 
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ROAD SERVICE STATION. The garage, 
or road se/vice station, exists to provide the 
motorist with fuel and lubricating oil, and to 
clean or repair his car. Somfc garages perform 
only light, running repairs, but most afe 
cefuipped for the skilled and intricate task of 
completely overha/ iling a car. 

Re-fuelling is done by pumps, driven eithci 
by hand or by electricity, which draw the petrol 
from large tanks placed under the ground for 
safety. The amount used is legistered on the 
dial on the pump. Lubricating oil for the engine, 
gear-box, and axle is usually supplied from a 
cabinet, from which it is poured into a measuring 
can. Ill most garages there is a high-pressure aii 
outfit tor pumping up the tires, soi» etimes con- 
sisting of a portable compressor and an aii 
reservoir which supplies air at a pressure of about 
2^)0 lb. per sq. in., or a static compressor and a 
large icservoir, which can be used, not only for 
tires, hut also in the woikshops. Well-equipped 
garages also have appaiatus lor iiigli-pu*ssure 
chassis lubrication and gas and electric welding, 
lathes for machining small metal parts, and a 
sparking-plug cleaner and tester. In the largei 
seivice stations there are separate maintenance 
departments where engines can be taken out and 



Fm P/ioloi 


overhauled. These are equipped with revolving 
engine stands, machines for rcboring, and for 
testing the ignition and carburettor, as well as 
the necessary apparatus for repairing the bodies 
and electrical equipment of the cars. «8eivice 
stations used to have special pits so that 
mechanics could work underneath a car, but 
now lifts, jacks, or trolleys are used to raise the 
vehicle to a convenient height. 

Soe also Motor-car; Motor I’ransi^ort. 

ROAD TRAFFIC CONTROL, bi nee the spe ed 

and volume of road trallic has so gicatly in- 
creased, it has become necessary to introduce 
riioic and more traffic regulations, espcciall) in 
congested areas. 'I’hcse figures (to the nearest 
thousand) show how the numbers ol licensed 
motor vehitles in Britain have giown in the 20th 
century: 



Piivate cars 

Goods n'liuU 

190.1 

8,000 

4,000 

J 9-’4 

474,000 

203,000 


1 ,308,000 

413,000 

i 94 « 

1,961,000 

769,000 


Until it was repealed by the Road Tiaffic A( t 
ol 1930, theie was legally a speed limit ol 20 miles 
an hour for all vehicles — though it was in fac t 
generally disregarded. By the Act of 193 a new 
speed limit of 30 miles an hour was imposed in 
‘built-up areas’ (that is, towns and most villages) 
for it had been shown that three-quarters 'ol all 
accidents took place in these areas. Signs arc 
put up to show the beginning and end of the 
restricted areas {see Fig. i). I’hc 1934 Act also 
introduced special pedestrian crossings maiked 
by ‘Belisha Beacons’ — Mr. Hore Belisha being 
the Minister of Transport at the time. Driving 
tests were introduced for all new^ applicants lor 
driving licences. Those who have not p<issed the 
test have to carry a learner’s red ‘1/ on the front 
and back of the vehicle, and may not di ivp* with- 
out a lice/iced companion beside them. Solo 
motor-cycle learners are allowed to ride alone. 

As traffic continues to increase, further action 
is taken to control it, both for the sake of safety 
and speed. In most towns very narrow streets 
are made into ‘one way streets’ ; official parking- 
places are marked, and parking in busy streets is 
forbidden. Busy cross-roads are controlled by 
automatic signals, thus releasing the police foi 
general supervision. Automatic signals change 
from red to green cither at fixed intervals or 
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up signs such as ‘P’ (for car park), ‘Diversion’ (to 
show that a road or street is closed for repairs), 
or a number which identifies a first-class road. 
All such signs appear in the Highway Code. 

, See Rule of the Road, Section i. 
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according to the volume of traffic. The latter 
type work from a simple device underneath a 
rubber strip set in the road. This registers the 
passage of a vehicle on the principle of an electric 
bell-push, and is connected with a switch-box 
at the roadside which operates the lights. 

Lijcal highway authorities may erect in dan- 
gerous places traffic-signs as shown in Fig. i, or 
paint signs such as ‘Go Slow’ or ‘Look Left’ in 
white or yellow letters at least 4 inches wide on 
the surface of the road itself. While lines or 
metal studs, with reflectors that catch the light’^ 
of cars at night, often called ‘cat’s eyes’, show 
the middle of tlic road or the traffic lanes in an 
arterial road. These arc particularly useful in 
dense fog when the motorist cannot easily see 
the side of the road. Associations such as the 
R(^yal Automobile Club and tlie Automobile 
Association, which are voluntarily sifpported by 
the subscriptions of their members, arc also 
allowed, by arrangement with the j>olice, to put 


ROAD TRANSPORT ENGINES. PracucalJy 
all vehicles on the roads, wlicther private cars, 
goods vehicles, or buses, are driven by some 
form of Internal-combustion Engine (q.v. 
Vol. VIII), the type in widest use being the 
ordinary petrol-engine. 

All the power of an engine could be produced 
in one cylinder; but most engines have four or 
six cylinders, as the power of a small engine can 
then be applied more evenly to a heavy load, and 
the moving parts need not be massive. Motor- 
cycles (q.v.) are an exception; their framewoik 
is so light compared with the power of even a 
very small engine that a well-designed single 
cylinder is efficient and cheap. The rated horse- 
power of private car engines ranges from 8 to 
30 horse-power; tlie heavier commercial vehicles 
have engines of 30 to 50 horse-power, and some 
bus engines approach 100 horse-power. In buses 
.md coaches, the cylinders are often designed to 
lie horizon t.illy under the flooiing to save space. 

At times of acute petrol shortage, as in war, a 
petrol-engine can be adapted to burn gas instead 
of petrol; the gas can be cither made from coal 
pioclucts in a miniature gasworks on a trailer 
drawn by the car, or it can be bought, readv 
made, in a large balloon-like bag which is 
•Jtrapped to the roof of the car. 

The second main type of internal-combustion 
engine, known as the oil engine or Diesel 
Engine (q.v. VcjI. VIII), is being used more and 
more since the Second World War by the larger 
commercial vehicles, because it is chea])er and 
stronger in the long run for really heavy loads, 
and burns an oil which is easier tn refine than 
petrol. Tliis form of engine, invented by Rudolf 
Diesel in Germany in 1892, depends for its 
internal explosions (which drive the engine) on 
air <"ompressed so tightly that it becomes hot, 
just ds a bicycle pump warms up when pumped 
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hard; this heat causes the oil to explode. The 
pressure is so great that the engine must be made 
of thick metal, and is, therefore, too heav^^ for 
use in private cars. 

A new and radically different type of engine, 
the Gas Turbine (q.v. Vol. VIll) was first 
successfully applied to the motor car by British 
engineers. The first cai of this kind in the world 
was demonstrated in Britain in March, 1950, 
by the Rover Company, and was later exhibited 
in America. The car, which was built to provide 
an experimental basis for future production 
models, had an engine of 100 horse-power, 
and in official trials it accelerated from a 
standstill to a speed of 60 miles an hour in 14 
seconds. 

Electric drive has many advantages. It is clean 
and silent, produces no exhaust gases, has fewer 
working parts to wear out, needs no gear-box, 
and has fewer hand-controls. It does not require 
petrol, which is inflammable, or a water-filled 
radiator, which may freeze in winter. Its great 
disadvantage is that, except for Trolley-buses 
(q.v.), an electric road vehicle is driven by 
batteries, and these, weight for weight, will drive 
a vehicle for a far shorter distance than a tankful 
of petrol. For instance, the driver of a battery- 
driven* private car would have to stop every 


4d miles to take on freshly 
charged batteries because 
all the electric power in 
the old ones would be used 
up. The^ used batteries 
would then have to be coq- 
nected to the clccttic mains 
for several hours in order to 
be charged again. For that 
reason electric battery- 
powered cars have never 
been used to any great ex- 
tent, except for the local 
collection and delivery of 
goods, such as milk and 
bread. A battci y-powered 
motor is suitable for this 
purpose because it woiks at 
its best, as a petrol-engine 
docs not, when it has fic- 
quent stops, w'hich allow a 
battery to ‘rest’ {see Vol. 
VIII: Electric Motor and 
Batteries, Electrical). 
Batteries arc also used for 
other pui poses where short journeys with fi^- 
quent stops are involved. For instance, they 
drive porters’ trucks which move luggage and 
mail-bags at big railway stations; and they 
propel invalid carriages, the occupant being 
thus spared the constant smell of petrol and 
exhaust fumes. There are also a few thousand 
battery-driven vans and lorries on the roads in 
Britain, carrying loads of 10 cwt. to 5 tons. 

Until the 1920’s, many motor-buses used a 
petrol-electric system of dri\ e; an 01 dinary pctrol- 
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The power is stored in accumulators b(*twp( n the wheels 



rn"inc drove an electric Generator (q.v. \V> 1 . 
VIII), which created current to drive an electric 
. motor connected to the road-wheels. This device 
was used because frequent stopping and starting 
at bus^-stops was* a strain on the engines and 
transmission of the early motor-buses {see Motor- 
car, .Section 2)^. 

See also Motor-car; Motor Transport. 

Sec also Vol. VIII; Internal CloNimsiioN Engine; 
Ei.f.ctric Motors; Gas Toriiinr. 

ROCKET, see Aircraft 1'^ngines, Section 6; 
Aircraft 'I’ake-off; In i eri'lanf.tary 'rRAVEi.. 
Scr also Vol. VIII: Rocket Propulsion. 

ROMANCE LANGUAGES. Tliis name h 
given to the group of languages, including 
French, Italian, Spanish and PtncrucuEsi. 
(cpi.v.), which are descended from Latin (q.v.). 
After the collapse of the Roman Empire in the 
We‘s‘- in the 5th century, the J.atiii language 
began to change, changing in dilferent ways 
in different parts of the fanpirc. From these 
changes there had grow'n up by the qth century 
the beginnings of some of the main modern lan- 
guages of Europe. The decaying Latin spoken 
from the 5lh to the qlh centuries is known as 
Romance; therefore the great languages which 
sprang from it are called Romance Languages. 
French and Proven(;al (thi; tongue which was 
long spoken in southern France) developed from 
the form of Latin spoken in the territory w'hich 
was once Roman Gaul; Spanish, Portuguese, 
and Catalan fioin the Latin of the Roman pro- 
vince of Ibeiia; Italian and its various dialects 
are descended from the Latin of Rome itself, and 
the different forms ol’ Latin .spoken in the various 
districts of the Italian peninsula. An interesting 
dialect still spoken on the Mediterranean island 
of Sardinia closely resembles Latin. Romanch, 
the language of eastern Switzerland, is a sur- 
vival of the Latin once spoken in the Roman 
piovince of Rhaelia, and Roumanian is spoken 
in the area which was known to the Romans 
as Dacia. 

The word Romance comes from the Latin 
romanice ‘in the Roman way’. Tfae modern 
French word roman^ meaning a novel, and the 
English word ‘romance’, w^ith its various mean- 
ings, are both derived from an early French word 
for anything written in Romance language. 

See also Language. History of. 
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ROMAN ROADS. It is safe to say that, in 
Europe at least, the Romans w crii the first -to 
create a w ell-planned system of well-built roads. 
The purpose of th^se was firstly military — to help 
their advancing armies by ensuring the quick 
movement of supplies and reinforcemerils, ifnd 
then civil -to help their acUiiinistration of the 
conquered countries and to provide a means of 
bringing their riches back to Rome. At the peak 
of its power the empire possessed more than 
50,000 miles of excellent roads, radiating from 
Rome to th? farthest corners of its dominions 
and connected by a network of minor cross-roads. 
In making them, great natural obstacles which 
could not be avoided were overcome: ravines 
and rivers were bridged wath stone or timber, 
tunnels were driven through mountains, marshy 
ground wms made firm with piles driven deep 
down and covered with cross- timbers or with 
successive layers of hrushw'ood or ‘wattles' -- 
perhaps the 01 igin of the Saxon name for VVatling 
Street, the Roman road that runs fioni J.oiidon 
to Shropshire, 
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Roman roads were by no means dead straight 
from end to end, as was once believed, though 
they often run exactly straight between the sky- 
line points, perhaps 20 miles apart, from which 
they were surveyed, and they are rarely far off 
the true lines. But they frequently make wide 
detours round deep valleys and other obstacles. 
In marking out theii lines, the Roman surveyors 
probably lighted bonfires from sky-line to .sky-line, 
and in some parts of England what are supposed 
to he the remains of these fires have been found 
by excavation. The lines of earlier roads are 
now found to have been followed more often 
than was once believed to be the case. 

The work of road-making was carried out both 
by the Roman soldiers themselves, every Legion 
of the army having its own engineer, and by 


the enforced labour of local 
inhabitants. Suitable mate- 
rials were often fetched f rom 
considerable distances. The 
roads were usually f;'om 14 
to 16 feet wide, which 
allowed two legions, 
marching ^ix abreast, to 
pass. In making them, the 
top soil was first removed 
and ditches were dug for 
drainage on either side. 
Then came the foundation 
of heavy stones carefully 
fitted together by hand, 
since theic were no steam- 
! oilers to consolidate them 
Next followed a layer of 
smaller stones and anothei 
of broken tile, brick, 01 
c balk, usually held togethci 
with mortar. Finally came 
the surface, well raised in 
the centre to throw off 
water. On the best loads 
this was made of flat stones, 
fitted together and cemeti- 
ted into place, with keibs 
on either side. At othei 
times it might Ixe just small 
stones, well rammed down 
and cemented; or gravel 
.done might be used. Th(‘ 
hole road surface was 
lier|uently raised well 
above the surrounding 
country -a fact that may be commemorated in 
our term ‘the high road’. 

From ruts v\iiich have been found in theii 
surface wc know that the roads wcie used by 
heavy wagons the width ay^ait of whose wheels 
was 4 ft. 8 in. {see also (Iart and \VAt;oN) 
Ollicials and men of im])'ji lance travelled moi< 
swaftly in light, two-wdiecled carnages called 
cisia. In the stone pavements of Pompeii, near 
Naples, and other towns (from tlu' streets ol 
which heavy vehicles were frcquentlv banned) 
grooves worn by the wheels of chariots have been 
found, ancf these arc only 3 feet apart. Along 
the more important roads, at intervals of only a 
few miles, were built posting-houses where relays 
of fresh horses were kept. By this means a Roman 
ofiicial could easily cover 100 miles a ddy. On 



one occasion the Emperor Tiberius actually did 
200 miles in 24 hours. The regular time between 
Rome and London was 1 3 days — and it is 
interesting to note that nearly 2,000 years later, 
when Robert Peel was suddenly recalled from 
Italy to be Premier, the journey home took ^^im 
exactly the same time, though he travelled post- 
haste all the way. To-day, little more than 100 
years later, it could be flown in 2 hours. 

The extent and length of the whole system of 
Roman roads is best known from two records 
compiled in Roman times, tlie Itinerary of Antonins^ 
probably dating from the 3rd century a.d. and* 
one made a century later which is now known 
as the Peutinger Table {see Maps, History of). 
They stretched from Scotland to Jerusalem 
and even beyond the Euphrates, from the 
heart of Egypt to the Spanish coast. The 
Rornan-British roads arc shown on the map. 
Many. of these can still be traced to-day, some- 
times as unusually straight stretches on our 
own roads, sometimes as deserted, grass-grown 
lanes running between hedges, sometimes as long 
rnc’TiKl, running across farm land, or even, with 
no difference in level to be seen, as straight strips 
in fields of pasture that turn brown in summer 
])eforc the grass on either side. 

See also Roads; Ai'I'IAN Way. 

See also Vol. I : Roman Civii ization. 

ROPE RAILWAYS, see Mouniain Railways, 
Section 3. 

ROTORCRAFT. These are aircraft which are 
kept up ill the air, not by fixed wings, like an 
ordinary aeroplane, but by several wings or 
blades spinning round on a spindle, rather like 
the wings of an old-fashioned windmill. The 
spindle is mounted upright on the top of the 
aircraft. 

'I here arc two main kinds of rotorcraft: the 
helicopter, in which the spindle and blades, 
nipdef to spin round by an engine, move the air- 
craft; and the autogiro, in which an ordinary 
propeller or airscrew in front moves the aircraft. 

I. Helicopter. The spindle and blades, which 
arc spun round by the engine, provide The lifting 
action which raises the aircraft and keeps it in 
the sky. The blades act as a gigantic propeller: 
on a typical craft there arc three blades, and 
each blade on the spindle is canted at an angle, 
again following tlic principle of the old-fashioned 
windmill. This angle can be varied by the pilot. 
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As the blades spin round, they begin to grip the 
air and slowly lift the aircraft off the ground. If 
the pilot of a rising helicopter wishes the aircraft 
to hover in the air, without motion, he reduces 
the speed of the spinning spindle and blades by 
reducing the speed of the engine, and he also 
.alters the angle of the blades slightly. The series 
of blades (called a ‘rotor’) th^n ceases to grip the 
air enough to rise any farther, but just grips it 
enough to keep the aircraft at the height it has 
reached. 

To move ’the aircraft fonvard, the entire rotor 
with its spifidle and blades is canted slightly 
forward. The action is like that of a man hold- 
ing an open umbrella in rain, who leans the 
umbrella slightly forward if the rain begiiLS to 
blow from a forward direction. As soon as the 
spindle and blades lean away from the vertical 
towards any particular direction, the grip of the 
blades on the air not only continues to support 
the aircraft but also tends to pull it along in that 
direction. 

That is the general principle of helicopters, 
rhere arc many types. A helicopter can have 
two, three, four, or more blades on a rotor. It 
can have one, two, or three rotors, each with its 
spindle and blades. It can have two rotors close 
together above the cabin, the blades of one rotor 
interweaving wath the blades df the other as they 
both spin round. It can have rotors mounted on 
outriggers on each side of the aircraf t, in the w ay 
that oars are supported on each side of a racing 
boat on the river. 

The method of steering a helicopter is unusual, 
rudder would be useless, as there is not a 
last enough stream of air being blowai straight 
back (as from an airscrew) in w^liich a rudder 
<^ould work. Instead, a well-known principle of 
mechanics is made use of: w^hen the helicopter’s 
spindle and blades arc being spun round, the 
effort applied to the spindle by the engine tends 
lo cause the whole aircraft itself to spin round 
in the opposite direction to the spindle and 
blades. This turning tendency, which is com- 
mon in engineering whenever anything is spin- 
ning, is known as ‘torque’. The designer of a 
helicof)ter, when faced by this tendency of the 
aircraft to spin round on its own spindle, must 
provide some force as strong as the ‘torque’, 
w'hich w ill keep die ‘torque’ in check. T herefore 
a small propeller, facing sideways, is mounted on 
one side of the tail of the aircraft. This little 
propeller, driven by an engine and continually 
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spinning, thrusts a stream of air sideways, 
countei acting the ‘torque’ and preventing the 
tail of the aircraft from swinging round. 'I’ltus 
two forces arc continually trying to push the tail 
of the aircraft sideways -‘torque’ on one side 
and the little propeller on the other. Those arc 
the forces which the pilot uses for steering. If he 
wants to turn the nose of his aircraft to right 
or left, he simply causes the little propeller to 
increase or decrease the amount of its pressure 
for a few seconds, and at once the tail of the 
helicopter is pushed sideways until the whole 
helicopter is facing in the direc'tion the pilot 
chooses. The pressure of the proj)ellcr is altered, 
not by making it go faster or slower, but by 
moving a lever which slightly changes thfe angle 
of its blades. 

2. Autooiro. The other distinctive kind of 
rotorrraft, the autogiro, works on quite different 
principles. The autogiro, for instance, has an 
airscrew or propeller at the front, like an ordinary 
aeroplane, which is driven by an engine in the 
usual way. The spindle and blades (the rotor) 
above /he cabin of the autogiro are not con- 


nected with an engine, but are free to turn on 
their own account.- They aie caused to spin by 
the stream of air blown backward by the -air- 
screw. Thus they .spin round rather like the 
helicopter’s blades, but, as we have seen, for a 
different reason. These spinning blades have the 
effect of lifting the aircraft into the air, much as 
the fixed wings of an ordinary aeroplane will lift 
it into the air. At the same time the airscrew ot 
the autogiro moves the craft forward in the 
ordinary way. The autogiro is, therefore, much 
like the standard aeroplane, except that it has 
spinning wings instead of fixed ones. Its spinliing 
wings act like a falling leaf spinning as it falls 
slowly to tfic ground. They will not allow the 
aircraft to fall, except very slowly. In the case 
of engine failure, therefore, an autogiro glides 
gently towards the ground and is easy to control. 

The helicopter's spinning blades are not meant 
to act like a Vailing leaf; they are meant to have 
the active effect of a propeller, drawing the air- 
craft upward. In the event of engine failure, a 
helicopter is at a disadvantage compared with 
an autogiro until the pilot has had time to alter 
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the angle of the spinning blade s to make them 
act oil the autogiio’s principle of a lallmg leaf 
All forms of rotoiciaft are noted for thc^ii power 
of slow flight* and their ability to tike off and 
land on a very small space without a iimwiiy 
The hehcojiter can, if necessary, rise straight up 
in the air fioin the ground, although this is a 
strain on its structure It can also hover, e\en 
when the air is absolutely still The autogiio can 
use fiom the ground at a ^ery shaip angle It 
can hover in a slight wind Rotorcralt can also, 
if dcj^ied, take off and land just like ** normal 
aeroplane 

The best speed of rotorcraft is from 75 to 
100 miles an hour The ordinary aerc^plane is 
therefore five or six times faster, be ides being 
able to fly a far longer distance non-stop 

The ( hief use of rotorcraft is for carrying mails 
or goods in districts where transpoi t communica- 
tions by land or water are bad They are used 
also for the control of crowds by police (at events, 
for instance, such as the Oxford and Cambridge 
boat race) , for spraying crops with chemicals to 


dcstioy insect pests, for the inspection of cl( ctiir 
power lines, and for certain kinds of photo- 
giaphic suivcymg 

The lotoic laft is no new invention I funardo 
* ViNC I, the Italian inventive gc nius of the i f^tfi 
century, foresaw the idea In Iiaiuc, experi- 
ments were made with helicopters in ic)o7 In 
i()23 the autogiro invented by de la Cierva, a 
Sp inicud, v\as tiist flown , his invention his been 
widely used Several Arnencin hclicopttis 
designed bv Igor Sikorsky a Russia 1 emigrant, 
were much used by the American Army in the 
Second World War to rescue wounded from 
inaccessible pi h ( s 

bee ilso Aeroi I ANi 1 lmnc llisn)i\ or 

ROUMANIAN LANGUAGE, jce* Romance 
Languagi-s 

ROYAL TRAIN, see Train, Spi cial Lsrs, Sec- 
tion I * 
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RULE OF THE ROAD. i. Road. The prin- 
ciple of thc^ rule of the road is that all traffic — 
motor, horse-drawn, and bicycle — must move 
on one side only, except in spepial circumstances. 
In Great Britain, Eire, Malta, Sweden, and 4II 
British Dominions and Colonics except Canada, 
traffic keeps to the left: in all other countries it 
keeps to the right. 'As a result, in British cars the 
driver’s seat is on the right-hand side, and in 
American and others on the left-hand side; for 
the driver is better able to control and steer his 
car when he is nearer the on-coming traffic. One 
exception to the left-hand rule is 'that a horse- 
man leading a second horse usually moves on 
the riglit, because he must have his left or bridle- 
hand free, and the led horse shou»d be as far 
away from the traffic as possible. 

It is not known how the custom of keeping to 
the left began. Possibly it was because drivers of 
carriages wanted to keep their right or whip- 
hand free, which would not have been possible 
when driving on the right-hand side of the 
narrow wooded lanes of the country. But if this 
is so, we cannot tell why other countries adopted 
the opposite custom. 

In Great Britain the Highway Code sets out 
many other rules and suggestions with which all 
users of the roads, pedestrians as well as bicyclists 
and motorists, should be familiar. Applicants 
for driving licences are questioned on the Code. 
Here are some of the main rules. When over- 
taking, a motorist must move out to the off-side 
of the road, that is, the right-hand side in Great 
Britain. But he should not overtake or turn to 
the right unless he can see that the road ahead is 
clear of on-coming traffic. He should not over- 
take, therefore, at a corner, at cross-roads, over 
a sharp rise, or at a pedestrian crossing {see Road 
Traffic: Control). Motorists must give way to 
pedestrians who are getting on and off tramcars 
or buses, and they should go slowly when passing 
horses or herds of animals. Vehicles should be 
stopped as close to the side of thp road as po.ssible, 
and should not be left near bends or the brows 
of hills. The correct ways of giving sig|nals for 
stopping, turning to the left and right, and so on 
are also shown in the Highway Code, a booklet 
published by His Majesty’s Stationery Office. 

2. Sea. I'he sea is an international highway, 
and any rule of the road at sea must be inter- 
nationally recognized. The ‘Regulations for the 
Prevention of Collision at Sea’ were drawn up 
at aA jnternational conference in I9^o, and a 


revised version — the one normally used — was 
agreed to at another conference in 1929, though 
it was never actually ratified by all the govern- 
ments concerned. 

The rules lay down which of two ships meeting 
is Co give way. (The other vessel must, 01 coui;|5e, 
maintain its course and speed to avoid confusion.) 
They describe the lights which must be shown at 
night by various types of vessels when under way 
or at anchor, ranging from the familiar red and 
green side lights carried by all ships when under 
way to less well-known ones such as those shown 
by a ship drifting out of control. They also give 
the signals which must be sounded in fog, which, 
like the lights to be carried, are different for 
ships under way and at anchor. 

A ship ‘under way’ (that is, neither anchored 
nor aground, though not necessarily moving), in 
addition to side lights, must show steaming lights 
and a stern light. The two side lights (sometimes 
known as bow lights) each shine over 10 points 
of the compass (i degrees) from right ahead 
on their respective sides, green to stari)()ard, red 
to port. The stern light, which is white, shines 
over the remainder of the circle {see Fig. i). 
These three lights are can ied by all ships under 
way, of whatever sort. The steaming lights, 
which are only carried by steamers, are two 
white lights, one mounted above and behind the 
other, which shine over the combined arcs of the 
two side lights. In a ship with two masts, one is 
mounted on each mast. The purpose of all. these 
lights is so that the officcr’on watch on the bridge 
of a ship can understand the course being steered 
by another ship near him, and know which ship 
has the right of way, and what he must do. 

There are many other combinations of lights. 
A ship that is anchored shows two white lights, 
one higher and more forward than the other, 
shining all round. A ship afloat but not under 
control shows two all round red lights, one nbo\e 



FIG. I. LIGHTS ON A SHIP UNDER WAV 
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. FIG. 2. LlCiJllS ON SPECIAT, SHIPS 

I. Steamer under way. 2. Steamer lowing ariotlicr vessel 
under way. 3. Sailing ship imd<T way. .j.. Ship out of 
control, not under way. fj. Vessel at anclior or fishing. 

6. Vessel aground in a lairway 

tht* other. She puts out her steaming lights, and, 
if she is not moving, her side lights also. A tug 
v\ hen towing shows two, or in some circumstances 
three, white lights, one above the other, in place 
of* the normal steaming lights. Various lights 
are carried by different types of fishing- vessels to 
show in which direction ihcir nets are lying. 
Lights arc not shown by day, of course, but a 
sliip at anchor hoists a black ball 2 feet in 
diaintMer up'in the rigging, while a ship not 
under control hoists two, one above the other. 

In fog, sound signals arc made on the siren by 
steamers, on the fog-horn by sailing ships, and 
on the ship’s bell by ships at anchor. Ships undci 
way make their signal every 2 minutes, and 
ships at anchor every minute. As with lights, 
there arc special signals for special ships. 

The rule which lays down which of two ships 
approaching each other is to give way is as 
follows. If two steamers are meeting end on, 
each keeps to starboard. If one ship is overtaking 
another, it must keep out of the way of the ship 
being overtaken until it is ‘finally past and clear’. 
If two ships are approaching each other on con- 
verging courses, the one which has the other on 
its starboard has to give way. A steamship always 
gives way to a sailing ship. The rules for sailing 
ships, which arc more involved as they have to 
take ihto account the direction of the wind, are 
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nowadays really only of interest to yachtsmen 
(see Sailing, Vol. IX). 

The rules are the authority on which lawsuits 
arising out of cohisions at sea are judged, and 
every officer who has to keep watch on the bridge 
must know their meaning — as every motorist 
must know the Highway Code. The well-known 
doggerel rhymes summarizing the various rules 
are good aids to the memory. In the case of two 
ships converging: 

If to your starboard red appear 
It is your .duty to keep clear; 

To act as judgement says is proper 
'Lo starboard — or port --back or stop her. 

But when upon your jiort ls seen 
A steamer’s starboard light of green. 

There’s not so much for you to do, 

For green to port keeps clear of you. 

3. Air. The advent of the fast, all-wcatlici 
aircraft, and the demand for frc(|uent and 
regular services, have made it essential to estab- 
lish strict rules for air-traflic control. Air con- 
trol is based on railway signal-box piinciples. 
Between stations, a train is always under the 
control of a signalman, who ensures its safe con- 
duct through his own section and then passes it 
on to the next. Each signalman receives news in 
advance of a train’s approach, and can refuse to 
accept it if the line is not clear (see Signallinc;, 
Railway) . 

So it is in the air ; but instead of running on 
lines, aircraft fly within air ‘corridors’ called 
Flight Information Regions, and instead of see- 
ing signal posts, they rely entirely on radio con- 
tact (see Navigation, Air). Language difficulties 
arc largely overcome by the use of an intci- 
liational code of simple words. 

Before taking off, a pilot must give details 
of his intended flight to the airfield authority. 
These intentions arc signalled to control centres 
all along his route. Thus an aircraft on a long 
journey flies from one Flight Information Region 
to another, possibly along a defined ‘corridoT, 
or at any rate at a known height and speed. For 
a long way round each airport there exists an 
Approach Control Zone, which filters all traffic 
destined for the airport. Close to the airport 
itself is a much smaller zone, known as Airfield 
Control Zone, which handles aircraft only when 
they arc landing or taking off. The pilot must 
ask permission from the zone controller to leave 
any zona This is normally given at onc^c*, and 
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the pilot must immediately lepoit his position 
to the controller of the next zone. That routine 
is repealed at intervals on a long flight. 

As a pilot nears his destination, he makes 
radio contact with Approach Omtrol, and flies 
under ihcir directions until they hand him over 
to Airfield Control {see Airport). 

In fair weather certain control instructions arc 
relaxed. A pilot must be ready, however, to 
revert to full control from the ground at a 
minute’s notice and to place himself completely 
in the hands of the controller. In bad weather, 
the work of Airfield Control becomes very com- 
plicated. Some aircraft have to ‘queue up’ by 
circling in the sky while awaiting permission to 
land; at the same time other craft on the ground 
are queuing to take off. 

See also Safety at Sea; Navigation, Air. 

RUNIC WRITING, Alphabet. 

RUNWAY ( Aerodromi ^ , see Airport. 

RUSSIAN CANALS. Russia has more great 
inland waterways than any other European 
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country, and the Volga and Don, Dnieper, and 
Efniester rivers, are navigable to sea-going ships. 
The construction of three canals has made it 
possible to travel by water right across Russia 
from the Baltic to the Black Sea {see¥\^,^ i). 

(The linking of Russia’s waterways was ^n 
important part of the second Five Year Plan of 
the Soviet Union. The firsf canal to be ^com- 
pleted links the White Sea through Lakes Onega 
and Ladoga to the Baltic Sea, with an extension 
from Lake Onega to connect with the River 
Volga (q.v. Vol. III). The last canal in the 
scheme connects the River Don to the Volga 
near Stalingrad. But the greatest and perhaps 
most important achievement was the opening, 
in 1937, of an 80-mile canal to connect the Volga 
with Moscow, which lies on the unnavigable 
River Moskva, and so make possible thedtwclop- 
rnent of Moscow as an important inland port. 
This canal also brings a fresh supply of water 
to meet the increasing industrial and domestic 
needs of Moscow; a 13-milc stretch of the canal 
is made into a great reservoir for this purpose. 
More excavation and earth and concrete work 
were required to build this canal than any 
other, except the Panama Canal (q.v.). Every- 
thing on its route had to be cleared away; even 
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whole villages were removed. Great barrages 
and dams were built, and many pumping* 
stations and hydro-electric power-stations set 
up. Seventeen road and railway bridges cross 
the canal. 

The rilost serious* engineering difficulty whicji 
laced the builders was the rise of land which lay 
betwcwi the Volga and Moscow. This was over- 
come by a series of ten great Locks (q.v.), which 
raised the canal in steps and then lowered it 
agaift. Fig. 2 shows how these locks were spaced ; 
at one place the water is raised 105 feet by a 
series of four locks in quick succe.ssion. These 
great locks, each of them 95 ij feet long and 
98 J feet wide, empty and fill in 13 minutes, and 
are worked by a centralized automatic control 
with the minimum use of human labour and the 
least possible risk of mistake or accident. From 
one single control-point, one man can control 
the working of the canal and the movement of 
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all the ships along the whole 80-mile strctcli, anti 
know e.\actly what is hjippeni.sg at every point. 

With the help oi these three canals, the best 
use can be made of Russia's navigalilc riveis. 
and the development of M(/.scow as an iridustiial 
centre bcconfcs mudi mote practical. Russian 
livers, howevfi, are not navigable fur man> 
months ol the year, because stietdies ol them 
are ice-bound. 

.See also (Ianais, Kivi r Navic.auon. 

See also \'ol. Ill : U.S..S.k. 

RUSSIAN LANGUAGE, iff SlAVOMC LaN- 

OUAGES. 
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SAFETY AT SEA. Nowadays rules to safeguard 
the lives of sca-passengers and sailors aie laid 
down for all shij)s. It liad been a ang-standing 
rule that every ship must carry lifeboats; but 
after the sinking ol the Titanic in 1912, it was 
made compulsory ibr British ships to carry 
enough lifeboats to hold all their passengers and 
crew, and one out of every thirteen must be a 
motor lifeboat. As well they must carry light 
rafts, such as the Carley float, shaped like a 
large lifebuoy, on which people can sit. Many 
ships carry rafts on quick-release launching 
chutes on each side of the vessel. 

Boat drill must be carried out on board ship 
once a week to ensure that crew and passengers 
know where to go and what to do in an emer- 
gency. Lifeboats carrying 100 or more people 
must be provided with a motor, and must carry 
wireless and searchlight installation. Each .life- 
boat must have a full equipment, including masts 
and orange-coloured sails, a gallon of oil for 
smoothing broken water, lines for use in case the 
lifeboat overturns, an electric signalling torch, 
hand flares, parachute signals wdth red lights, 
buoyant smoke signals giving oft'oraiige-coloured 
smoke, and a supply of food and water. With 
the aid of the equipment in modern ships’ life- 
boats many long voyages have been made from 
wrecks, and hundreds of lives saved. Life-jackets 
must be provided for every person on board. 
They arc usually made of kapok or cork, and so 
designed that an unconscious man wearing one 
of them has his head held out of the water. 

Ships are divided into watertight safety com- 
partments, which arc shut off by watertight 
bulkheads, with doors that can be mechanically 
closed from the ship’s bridge. A ship 400 feet 
long w^ill be divided into eight such compart- 
ments by seven bulkheads, one bulkhead being 
addb^ for every extra 80 feet on the ship’s length. 
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^hips are built with double bottoms, so that even 
if the outer skin is pierced, water will not come 
into the ship. The space between the two skins 
is used for carrying such commodities as oil fuel. 
The cry of ‘All hands to the. pumps’ usftd to be 
h^ard in ships in danger; but now all ocean- 
going ships have pumps worked by ifiachincry. 

Appliances for detecting fire ‘before it has got 
a hold have greatly lessened the danger from 
fire. Modern ships often have ducts which draw 
air from all parts of the vessel into the chart 
room, so that the officer of the watch there can 
immediately detect smoke and can tell where it 
comes from. Bulkheads and doors are made of 
fire-resisting materials as far as possible. The 
ceilings of cabins and public rooms arc often 
fitted with sprinkler points which hold a store 
of water kept in by wax or some similar material ; 
this melts and lets the water out when the heat 
in the room rises. 

All ocean-going slii]')s bear the Plimsoll mark 
or ‘load line’ (a line passing through a circle), 
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THE Pl.IMSOLL MARK 

Line through cirrlc is general lint* below which a ship iii.u 
not be loaded. LR stands lor ‘Lloyd’s Rrgist< r’. The 
density of water differs according to tempcralure and 
saltiness, and a ship may be more heavily laden in some- 
waters. Horizontal lines on the right show variations 
allowed. WNA. Winter North Atlantic ; W. Winter 
elsewhere; S. Summer; T. Tropics; L. Freshwater; 

TF. Tropical Freshwater 

painted on the hull {see diagram). A ship must 
not be loaded so heavily that the mark sinks be- 
low sea-lcvel. This mark is named after Samuel 
Plimsoll, M.P., whose agitation in the 1870’s ])ut 
an end to the practice of sending to sea over- 
loaded and heavily insured old ships (known to 
sailors as ‘coffin ships’), from which the owners 
made a profit if they sank. 

Safety at sea concerns all maritime nations, 
and international conferences are held to discuss 
life-saving devices and safety rules. 

See also Lighthouses and Liciirsinrs; Lifeboat; 
Climate and Communications, Section 3 ; Rule of tiiu 
Road, Section 2 ; Wrecks. 




< BEfORF EHF MnST > |< ABAFT THE MAST>. 
WFATHERl SIDE 



FIO. 1 


SAILING. Some of the words in the special 
vocal»ulaj y of sailing must be explained first of 
all. In his own ship a sailor reckons position by 
the mast — he speaks of things as ‘before’ (in 
front of) or ‘abaft’ (behind) it. He says just ‘the 
mast’ in the singular, as if he were referring to 
the single great tree in the medieval ship before 
A.D. 1450 {see Sailing Ships); his own ship may 
have three or four masts. As he looks round tlie 
horizQii from the deck of his ship, he describes 
objects as being ahead, astern, abeam, abaft, o^' 
before the beam, on his bow, or on his quarter 
[sBP Fig. 1). This gives the angle they make with 
the ship’s course. The side on which they are 
may be shown by adding port (left) or starboard 
(right). Starboard was originally ‘stcei board’, 
and was the side on which the steering 1 udder 
was hung in Viking ships. The port side was 
earlier known as larboard. But in sailing ships 
the si(Je is more often described in relation to the 
wind: it is called ‘lee' on the side sheltered from 
the wind, and ‘weather’ on the side liom which 
the wind is blowing. 

Any floating body drives before thf wind, but 
an efficient sailing ship can make her way, 
though not directly, in any direction, even to 
windward, without using paddle, oar, or motor. 
Let us consider a three-masted sailing ship of the 
last days of sail {see Fig. 3), and see on what 
courses she can sail in relation to the wind’s 
direction, and how she is steered. Roughly speak- 
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ing, she can sail on courses through 20 points of 
the Compass (q.v.), but cannot sail on^courses less 
than 6 points cither side of the direction from 
which the wind is flowing. In Fig. 2 the wind 
is Allowing from the south-west. The ship, there- 
fore, can sail WNW. (close-hauled on the port 
tack), NW. (wind abeam — the easiest course to 
sail the ship on), N. (wind orf the quarter, and 
the ship sailing her fastest for the particular 
strength of wind blowing, every sail in full use), 
NE. (sailing dead before the wind — uncomfort- 
able and wasteful as the after canvas stops the 
wind reaching the fore canvas, and the ship sails 
her slowest), and so on, round to SwSE., when the 
ship will be sailing close-hauled again, but on 
the starboard tack. The ship cannot sail on 
courses between SSE. and SW. or between SW. 
and WNW. 

Fig. 2 will help to explain the meaning of 
sailing ‘close-hauled’ and on the ‘starboard’ or 
‘port tack*, for the three lines across the hulls 
show diagramatically how the yards arc braced 
to suit the wind (a yard is the long piece of wood 
placed horizontally to support the top of the 
sail). It will be noticed that, when the ship is 
sailing as close to the wind as she can (that is, as 
nearly into the wind), the yards arc braced sharp 
up, so as almost to lie fore and aft; she is then 
said to be sailing close-hauled. The other phrase 
is more difficult; the lower corners or ‘clews’ of 
the square mainsail or foresail of a full-rigged 
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FIG. 3. MASITi, SPARS, AND SAIT.S 

A, Mi/zcn mast; li. Mi/zen topmast; C. Mi/zen top- 
gallant mast; D. Main lop-gallant mast; K. Main top- 
mast; F. Main mast; C. Bowsprit; //. Jih-boorn; a. Spanker 
boom; b. GafI; c. Grossjark yard; d. Mizzen topsail yard; 
e. Mizzen topgallant yard; /. Miz/en royal yard; g. Main 
royal yard; /i. Main topgallant yard; i. Main topsail yard; 
j. Main yard; k. Spritsail yard; /. Dolphin stiikcr; m. Sprit- 
sail topsail yard. I. Mizzen or spanker; 2. Main topgallant 
staysail; 3. Middle staysail; 4. Main topmast staysail; 
5. Fore royal sail; 6. Fore topgallant sail; 7. Fore top- 
sail; 8. Fore course or foresail; 9. Fore topmast staysail; 

10. Jib. 

ship are controlled by two ropes to each clew, of 
which one leads aft and is called the sheet, and 
the other leads forward and is called the tack. 
When a ship is sailing close-hauled and her yards 
are sharp braced to meet the wind, the forg-sail 
and the main-sail have their lee-sheets hauled 
taut (leading aft) and their weather tacks hauled 
taut (leading forward) ; in this position the 
weather tacks arc said to be hauled on board; 
and according to which side the tacks arc hauled 
on board, port or starboard, so the ship is said 
to be sailing on the ‘port’ or ‘starboard tack’. 

A full-rigged ship cannot, as has been said, 
sail nearer to the wind than 6 points. Even so, 
when sailing close-hauled, her hull is pu.shed by 
the wind to leeward as well. as being driven 
forwards ; this is called making leeway. The ship 
can thus only work right ‘into the wind’s eye’ 
by taking a zigzag course ; she must sail a certain 
distance on one tack, then alter her course, trim 
her sails again, and continue a certain distance 
on the other tack. By this method, which is 
called ‘beating to windward’, she will slowly 
work her way against the wind. 

So far only the sails of the ship have been con- 
sidet'(;d, but the hull also has its part to play. It 


has already been 'seen how the ship may be 
pushed to leeward ; a hull that is long and deep 
will resist tliis sideways movement, and will slip 
easily forward tlirough the water. But the wind 
in tlic towering pile of caiiviis^ 145 feet high, will 
al^o heel the ship over and strive to overset her. 
To withstand this force she must have stability, 
the power to return to an uprigiit position when 
heeled over. Stability is obtained by breadth of 
hull and also by ballast, which is weight carried 
low down within the hull. A ship that stands up 
to her canvas well and keeps reasonably upright 
is said to be ‘stiff’. The trim or adjustment in 
this respect of a ship can be altered. Ballast or a 
heavy cargo in the hold makes a ship stiff: the 
same ship, unballasted, and with a deck cargo, 
would be top-heavy and dangerous under sail. 
The proper trim of a sailing ship is very impor- 
tant and of great concern to her oflicers. Thus 
it will be seen that the design of a sailing ship, as 
of all ships, is a matter of compromise: she must 
slip easily through the water for the sake of speed, 
have stability for the sake of safety, and also be 
roomy within so that she may carry a big cargo. 

The ship is steered by means of her rudder, 
which is hinged on the stern-post by a number 
of rings (or gudgeons) on the rudder, which fit 
over projections called pintles on the stern-post. 
It is free to move from side to side when operated 
by the tiller, a long bar which is slipped through 
or over the rudder-head. For several centuries, 
when the helm order ‘Starboard’ was called out, 
the tiller was pushed to starboard; this moved 
the rudder to port; the water dliving past the 
ship’s side caught against the rudder, and pushed 
the ship round, so that lier stern turned to star- 
board and her bow to port [see Fig. 4). By an 
international agreement made in 1931 to avoid 
confusion, the practice was reversed; the helm 
order ‘Starboard!’ now means that the ship’s 
head should turn to starboard. The tiller is now 
moved by a wheel, except on very small vessels. 

Flelm orders in sailing ships, however, arc 
usually given in terms relating to the wind and 
the sails. Thus ‘Up helm!’ and ‘Bear up!’ mean 
move the tiller to wand ward; ‘Down helm!’, 
move it to leeward; ‘Helm ’s alec!’, the tiller is 
to leeward. The order may also be given ‘Bear 
down on’ sbmething; this means direct the ship’s 
head to leeward towards some object. 

When beating to windward, the change from 
railing on one tack to sailing on another is made 
by using the rudder and trimming the sails so 
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ru’.. 4 . IIIL Af.nON OF IIIL KIjUDLR 

a. RudiJcr to ptii t, ship ln‘.i<ins to allrr couise; b. Rudder 
• sticUghl, ship steady in new ccjurse 

that the ship Itirns citlirr into thr uhid through 
12 points of the compass, or before the wind 
throiigli 20 points of the compass. The fiist 
maiuruvrc is called tacking ; the second wearing. 
T() tack a sqnare-iigged ship requires pcifcct 
w'eather conditions, for only in a calm sea can 
one l)e sure that she will ‘come up’ into the w'ind 
and that her sails wall 1111 on the other tack. Her 
yards must be l)raced round at exactly the right 
moment 01 else she will fail to come round or 
‘miss stays’. In that case she will have to be 
sailed again in the oiiginal tack sc^ as to gather 
steel age wa) for another attcmj)t. In bad 
weather it may be dangerous for a shi|) to miss 
stays; she may hang up in the wind or even move 
stern-fiist. dhe surer way of changing tacks is to 
sail the ship the long way round Ijcfbre the w’ind, 
sqtiaring off the yards and then bracing them 
uj) sharp on the other tack. 

.Sec al:so Saiijnc; Siiirs. 

See aibo Vf)l. IX : Sah inc,. 

SAILING SHIPS. The sailing ship took many 
centuries to reach its final and most efficient 
forms. The story of' sail fioin the earliest days 
has been traced, in historical order, in the articles 
Primitive Siitiss, Classic a e Ships, and Vikinc; 
Ships. The present article deals w ith the giowth 
of ships from the JVliddle Ages, the period in 
which the full-rigged ship of the great days of 
sail had its origins. 

'I'iie fleet built for the Norman invasion of 
England in iob6 is shown in the famous pictorial 
record of the Conquest, the Bayeiix Tai*lstry 
(q.v. Vol. XII). I'he Norman ships /ere very 
similar to the Viking and other Norse ships, to 
which the Normans were accustomed. In the 
next 400 years ships developed very slowly. 

At the time of the Conquest, men-at-arms, 
knights, horses, and stores were carried over in 
clinker-built vessels which could be sailed only 
if the wind blew the way the fleet wanted to go ; 
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otherwise they had to be rowed. The vessels 
were alike at either end and carried skidds along 
the gunwales or sides. It is diflicult to judge the 
si/e of these ships, A)ut we know that the White 
Ship, which was lost on the Normandy coast in 
A.D. 1 120, had 300 persons on board. Her cre^ 
included fifty experienced rowers as well as men- 
at-arms. She was moving under sail and oars, 
trying to overtake the rest of the Royal Fleet, 
when she was wrecked. 

Ships grew; in size and made longer voyages as 
trade increase/!. English ships went to Iceland 
for fish, to the Baltic for timber, to Gascony for 
wine, and they took wool to the Low Countries. 
The (Genoese and 'Venetians sailed ships direct 
to England and Flanders from the Mediter- 
ranean. Crusades and Pilorimaoes (qq.v. V ol. I) 
meant that large bodies of men travelled long 
distances by sea. 

The ships of northern Europe and those used 
in the Mediterranean differed considerably. In 
th(‘ north, sail almost took the place of the oar, 
while ill the south, the rowed galley was used as 
much as sail. I’he southern sailing ship hoisted 
the triangular fore-and-aft sail know^n as the 
lateim. Fig. i, a ship of the 13th century from 
an illuminated manuscript, show's the single 
scpiarc sail used in the north anc^thc steering oar 
slung from the starboard (steer-board) quarter. 
Fhe top of the stem is ornamenti'd with the 
cai\ed figure of a bird. The mast is supported 
by fixed ropes or shrouds. Nail-heads are 
orominent along the ship’s sides. 



IIG. I. ISTH CENTURY SHIP 

Voyage of Si. John to Patinos. From an Apocalypse ir; tlic 
• Bodleian Library • 
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PIG. 2 . A SFA-r IGlIl 

from a nianuscnpt in the Fitzwilham Museum of about 
A.D. 1270 


In those days merchant ships seized foi the 
Royal service were quickly turned into fighting 
ships. Light stages were erected as ‘castles’ fore 
and aft, and at the mast-head. A captain, 
lieutenant, and men-at-arms were placed on 
board to ‘fight the ship’, and the civilian master 
and ship’s company were retained to sail the 
ship. I n action , ^hips were brought close together 
and fought castle to castle (Fig li). Latei, 
cabins were made undei these castles, which wcic 
soon built into the ships as permanent structures, 
useful both in peace and war. lug. 3, copied 



from the seal of the town of Ipswich of 1200, 
shows permanent castles fore and aft. It also 
shows a ship with differently shaped ends, a long, 
high, over-hanging stem-post, and a shorter, 
straighter stern-post. Instead the steering oai 
sUmg over the quarter, there is a rudder of , the 
form we know to-day, hung in the centre line of 
the ship from the stern-post. Important ships, 
usually those in the Royal service, were gay with 
shields hung up and devices painted on the hull, 
with decorated sails, and flags and banners 
waving from mast and flagstafls. 

Figure 4, copied from an Admiralty seal, 
gives a good idea of a warship of the eai ly 1 5th 
century. Banners fly from large staves on the 
castles, and a swallow-tail pennon flies from a 
staff in the top castle. In such a vessel as this, 
the Grdce Dieu^ J^suSy or Hohgo^t, Henry V and 
his men went forth to Normandy. This Grdre 
Dieu should not be confused with Hcnr/ VIII’s 
Great Harry (q v.). 

By the 15th century ships were getting much 
larger. The Gidce Dieu, whose remains have 
been discovered in the Hamblc River near 
Bursledon, Southampton, measured 130 feet 
along the keel by 48 feet beam; this ship was 
1,400 tons — a gigantic size for those days. The 
tonnage at this date referred to the capacity of a 
ship for carrying casks of Bordeaux wine, a ton 
of w'ine in two butts being estimated to occupy 
60 cubic feet of space No doubt the ])ig main- 
sails of these monster ships made them ver^ 



FIG. 3. SHIP WIIH PERMANENT CASTLES 

From the First Common Seal of Ipswich.^A.D. 1200 


FIG 4. FARLY I5TH CENTURY WARSHIP 

From the Seal of the Sub-Admiralty of KngJand 
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unhandy. Perhaps the flagstafls gave the idea 
of the next big step forward; at any rate, the 



IIG. 5. 3-MASIl D SHIP OF ABOUT A.H 1 450 


three-masted ship appears quite suddenly about 
1450 {see Fig. 5). Two-masted ships were 
evidently tried out — Henry V’s Grace Dieu was 
a two-iiia::Ler. Probably the foremast was tried 
before the mizzen-mast, but both positions may 
have been tried. The lateen mizzen (or rear) 
sail is a Mediterranean sail, as we have already 
seen. The top-sail was set at first on a small top- 
mast erected in the ‘fighting top’ (a platform on 
lop of the mast). 

An important Mediterranean feature intro- 
duced, into the north during the i jth century is 
carvel building, a method whereby the planks 
are placed edge to edge, giving a smooth surface, 
and not overlapping as in the earlier clinker-built 
northern ships. During this period the larger 
ships were all four-masted, and remained so, 
until the beginning of the 1 7th century. 

Careful planning of the shapes and positions 
of the sails — the ‘sail-plan’ — enabled the sailor 
to suit his vessel to the var>ang wind and weather, 
and sf# make it more seaworthy and able to sail 
to windward — that Ls, against the direction of 
the wind, which was probably not possible with 
the single square-sail {see Sailing). This made 
possible the great voyages of discov# ry of the 
1 5th and 1 6th centuries. Hulks, barges, baiingers, 
and pinnaces were rigged much the same, differ- 
ing only in size- -indeed the same ship is often 
described by different name's in old records. 

Towards the end of the Middle Ages ships of 
200 or 300 tons were in common use. Tliese had 
three or four masts with a square head-sail, the 


sprit-sail set under the bowsprit, top-sails set over 
the fore- and main-sails, and lateenj set on the 
mizzen-mast. The fore- and main-sails were know'h 
as the ‘courses’. A jmall sail called a bonnet was 
laged to the body of a big sail, and could be 
removed in strong winds to reduce canvas. The 
shrouds (or fixed ropes) carried ratlines (forming 
rope ladders) so that men cbuld easily climb 
aloft {see Colour Plate opposite p. 320). 

The Mediterranean carrack, a combination of 
northern and southern forms, was recognizable 
by its overhanging forecastle and a big inverted 
‘V-shaped opening under it. Men went aloft by 
a simple rope ladder up the mainmast, and this 
mast was set up with tackles (movable ropes) 
instead of shrouds (fixed ropes). This carrack 
type was copied by the shipw lights of Bayonne 
on the west coast of France, who introduced it in 
northern waters, where it became popular, 
though in time it lost its distinctive features {see 

Fig. 6). 

The caravel (sometimes spelt ‘carvel’) was a 
small ship of Spanish or Portuguese oiigin, rigged 
with two lateen sails. 

During the i6th cfntury the diffeiences be- 
tween a merchant ship and a warship became 
more obvious. I'he galjey, the oar-driven ship 
of the Mediterranean, w^as never used success- 
fully in the north. The galleasS, a large galley 
also using sails, was much used by the seafaring 



nr.. 6. CARFAOC 



SAILING SHIPS 



FIG. 7. GALIKJNOF 1 58B 


people of ihe liimnus Italian republics of Venice 
and Genoa. 'I’lic Portuguese attempted to build 
a sailing ship called a galleon on galley lines, 
though longer and lower, with the galley's 
pointed beak-head for boarding the enemy. 
Elizabethan seamen copied and modified the 
galleon. The successful men-of-war of' Queen 
Elizabeth’s Na\y, the Ark Royal and REVtxCiK 
(qq.v.) were built like galleons. The rig and 
sail-plan was the same for all ; the form of the 
hull distinguished the type of vessel {^ee Fig. 7). 

The beginning of the 17th century saw a 
marked devcloplment in rigging. A little mast 
was erected on the round platform or ‘top’ at 
the end of the bowsprit, called the sprit-sail top- 
mast, and on it was set the Uip-sail. This remajned 
a characteristic feature of tlie rig of ships from 
about 1615 to the end of the centur>^ After its 
introduction, the fourth mast, or bonaventurc 
inizzen, began to disappear, and instead a sc|uare 
mizzen top-sail was set over the lateen sail. I he 
yard which spread the foot of the mizzen top-sail 
was called in English ‘the crossjack’, and no sail 
was carried on it until late in the 19th century. 
During the 17th century reef points for reducing 
the size of a sail began to appear. Foot ropes 
were fitted under the yards for. the men to stand 
on when reefing or furling the sails. 

At this time the hulls of ships, espccl illy Eng- 
lish ships, were very beautifully and elaborately 
carved. The tops were round, and the crows’ 
feet and other elaborate arrangements of rigging 
were unmistakal^lc marks of the I7th-rentury 
ship. Large flags and streamers were flown on 
festive occasions. 

The cutter, which became a famous English 
type! 9f ship, probably came from Holkmd at the 


Restoration. Schooners and brigs also appear 
after 1700. During the i8th century the sail-plan 
changed little. By the end of the century ‘royals’ 
(small sails above the top-gallant sails) were 
commonly carried on all thrqe masts. The i8th- 
c^intury hull had less ornamentation and npne 
of the expensive gilding of the I7rfi century, 
decoration being almost entirely confined to the 
figurehead and stern ornaments. In larger ships 
about 1705 wheel steering replaced the cumber- 
some w'hipstafl‘(a long lever working the rudder) . 

About 1760 the practice of faslening sheets of 
copper to the outside of shijis below the water- 
line made for greater speed. Copper did not 
become louled by crusts of vegetation and shell- 
fish nor w'as it eaten by the Teredo worm, as 
had been the wooden hulls of earlier ships, and 
so the shij^s could move more easily through the 
water. Coppering, although exfieiisive, soon 
became popular, for it did aw\'iy with the neces- 
sity for periodic scraping. 

By the end of the 18th century the maximum 
size in oak-built ships had been reached. Ships 
of the East India Company (q.v. Vol. Vll), the 
finest English inei chantmen, were about i,()()() 
tons, and the Vk/iory (q.v.) heiself no more 
than 2,162. Timber for shipbuilding was get- 
ting scarce, and experiments wTre made l)y 
replacing certain natural shapes of timber with 
iron fittings. This was the beginning of a great 
change. T he mixture of wood and metal was 
soon follow'ed by the all-iron hull, which. made 
it possii)le to build much larger ships. 'Fhen 
came the first steam-engines, with paddle and 
screw', and these altered the whole build and 
character of ships. 

But w'hile these changes were coming in, sail- 
ing ships reached the height of their development 
in the famous Clipper Ships (q.v.). American 
rivalry in the middle of the iqtli century caused 
British merchant shipbuilders to build for speed, 
and soon British clipper ships were competing 
with Americans in carrying tea or other kinds 
of cargo "ht record speeds. But as steamships 
improved, large sailing ships began to lose their 
place, though they continued for a time to run 
the long routes carrying wool, and then grain 
from Australia round the Cape, and nitrates 
from Child round the Florn. 

For a time great iron ships of 2,000 tons were 
built, which could be handled by small crews. 
7 ’he four-masted barque with its much divided 
sail-plan used small steam-engines to haul on the 
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Kutional Murittmf Museum 

EAST INDIA company’s SHIP ‘aII AS’, PCILT IN lRl2 AND CARRMNO 2 O GUNS 
Oil painting b> W J. Huggins 


ropes, and liad chdin and wire in place of rope 
wherever possible. I'he steel topmasts and lowei 
masts W'eie m^de in one piece. But bv the end 
of the iqth century sail w'as little used for com- 
incMce. To-day it sui'vives only for pleasure in 
the form of yac hts (^ce Sah int; Boms. Vol. IX), 
and in a few small coastini^ \ essels. 

See alio Ship, Saii ini.. Si a 'Krax i i ; Sn am'sHips. 

Sre also Vol. X BArri lship. 

SAILOR, rrr Ship's C40MPANY. 

SALVAGE. The salvat^c of wrecked «hips inav 
mean the rcfloatinc; ol stranded ships, or the 
lifting^ of sunken ships, or the recovery trcasui e 
or valuable cargo lost at sea. 

A stranded vessel is usually pulled into deep 
w'ater by Tugs (q.v.); and then salvage pumps 
keep her afloat while she is repaired enough to 
reach dry dock for more permanent repairs. 

When a sunken ^hip is to be lifted, di\ ers are 
sent down to place hugt‘ wires under her. 'I hcse 


wires are secured at low’ tide to two specially 
constructed salvage vessels, one on each side ol 
II ' wreck. Whc'n the rising tide lifts the vessels 
Ol he surface, they lift wath them the sunken 
ship on the wire cradle. The three vessels, two 
on the surface and one submerged, are then 
taken to a suitable beach w^hcre the wreck can 
lie lor temporary repairs. Sometimes, w'hcn con- 
ditions arc suitable, floating structures known as 
‘camels’ are filled with water and submerged on 
each side ol the sunken vessel to which they arc 
then attached. When the water is pumped out 
of them, they rise, lifting the WTec k with them. 

The :aising of the German fleet, scuttled in 
Scapa Flow’ at the end of the First World War, 
as a .spectacular work of salvage. Tw enty-threc 
destroyers were raised with wires and ‘camels’ as 
described and towed to shore to be broken up. 
1 he huge battleships and cruisers, most of w'hich 
had capsized and wei'c lying on the bottom 
upside down, wTre more dilTicult to raise. After 
several experiments, divers succeeded in billing 
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air-locks on to the ships, and compressed air was 
pumped into them until one after another they 
rose, still upsidp down, to the surface. These 
also were towed away and broken up for their 
steel and fittings. 

Probably the most difficult salvage work ever 
undertaken was the recovery of a large amount 
of gold and silver from the wreck of the P. and O. 
liner, the Egypt, The ship was sunk by collision 
in a fog off Ushant in 1922. The wreck’s position 
was in some doubt, and the water was about 
300 feet deep — too much for the diving gear 
normally used. An Italian salvage company, 
which had developed an observation chamber 
and special grabs, decided to try to salvage the 
treasure. After locating an obstruction on the 
bed of the ocean believed to be the wreck of 
\hcEg)fpt, the diver w as lowered'in the observation 
chamber. He confirmed by telephone that he 
was alongside a great sunken ship, and the work 
began. The diver gave directions by telephone 
for the lowering of explosive charges, and when 
these had been fired, he directed the lowering 
and working of the powerful grabs which tore 
away the shattered steel work. Fragment by 
fragment the charges and grabs ate into the ship 
until the diver could direct the grabs to the 
ship’s safe. 


The salvage company then began the slow 
and difficult work of blasting and tearing a way 
to the strong room where the treasure was kept. 
The work went on, in spite of severe set-backs, 
until on 22 June 1932, 10 years after the Egypt 
had foundered, the first ingots of gold were 
recovered from the strong room. The salvage 
company finally ceased work in July 1935, 
having recovered gold and silver valued at 
£1,183,000. 

Another famous salvage undertaking was car- 
ried out by a handful of men with no special 
gear or equipment. In October 1940, the tanker 
San Demetrio sailed in convoy from Halifax with 
a cargo of petrol. The convoy was attacked, and 
the San Demetrio set on fire by a German warship. 
Knowing the dangerous nature of their 'cargo, 
the crew abandoned the ship. After some houis 
the crew of one of the lifeboats found the San 
Demetrio again, drifting and deserted, and still 
burning. They boarded her and set about 
putting out the fires; then, with a crew of only 
sixteen, several of whom were injured and 
burned, and one of whom was dying, and with 
practically no navigational aids, they sailed 
the ship over to Britain and berthed her under 
her own power. They saved not only a valu- 
able ship but also a substantial part of her 
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cargo. The owners of the vessel willingly paid 
out the sums awarded to the men for salvage, 
and guaranteed to them* the costs of the neces- 
•sary legal action. Salvage awards are always 
made by sfjecial legal courts, and the amounts 
awardcci to the salvors are based on the valuf|ol' 
the ship and cargo saved and the skill and risks 
taken- in the work. ^ 

Flotsam and jetsam arc goods lost at sea, as 
distinct from property lost ashore. Flotsam 
.covers all goods that float, jetsam all that sink 
to the sea-bed. When flotsam reaches the shore 
and is washed up on the beaches, it becomes 
wreck. Flotsam and jetsam belong to their 
original owner, if he can be found; if not to the 
Grown All wreck is Grown property. 

See aUo Dfrliicts, Wrlcks and Wrecklrs, Divirs 
AND Divinc. Apparatus. 

SANSKRIT. This literally means ‘refined, per- 
fected’, and is the name given to the ancient 
classical language of India, in which is written 
ihe Hindu litciature c^f centuries Strictly, the 
iiaiiii- appiiv-S only to the form of tlie language 
defined bv the grammar ofPanini about 400 n c 
he composed his grammar in order to teach the 


‘Like Latin and Greek, Sanskrit is highly 
inflected, that is, it has many diQcrent word 
endings which are used to show the part the 
word plays in the sentence. The noun has eight 
c^ses, having, in addition to Nominative, Voca- 
tive, and the others found in Latin, sepai^^te 
forms for Locative or place-case, and Instru- 
mental or agent-case. For example, hastas means 
‘the hand’; haste ‘in the hand’; hastena ‘by means 
of the hand’. The similarity in structure led 
western scholars to realize, towaids the end of 
the 1 8th century, that Sanskrit was closely 
related to I^atin and Greek; and they soon dis- 
covered that all Indo-Europfan Languages 
(q.v.) formed one family of which Sanskrit is the 
oldest known member. Below are a few examples 
of words in Sanskrit which resemble words in 
English and Greek 


Sanskrit 

Greek 

English 

duhitai 

thugater 

dauglitci 

dvar 

tliura 

tlooi 

trayas 

trt IS 

ihit I 

madhu 

nicthu 

mccul 

udhar 

oulhar 

ucldcr 


See also Indian Lanc^uagfs, Lanouagf, History of. 
bee also Vol. I Indian Cimi 1/ \tions, Hinduism. 
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Written in Sanskrit (Kiiiila sciipt) a d. 1095 * illumination'^ shoNMii^j Buddha and India 


correct form ol speech of the learned men of his 
day, and to protect the language from ‘popular’ 
corruptions But Sanskrit is often used in a wader 
sense^to include the older form of the same lan- 
guage'in which is written the ancient religious 
literature of the Vedas. The oldest Vedic lan- 
guage is found in the collection of religious hymns 
known as the Rig-Veda {see Sacred B( jks, Sec- 
tion 2, Vol. I) which was probably completed 
before 1000 n.c , and possibly much earlier. The 
language of the Rig- Veda differs froln Glassicaf 
Sanskrit both in vocabulary and grammar. Many 
words common in the older period have gone out 
of use, and new ones have become cur 1 cut Vcdic 
has abo a much more complicated grammar. 


SANTE FE TRAIL, see American I rails. 

S^JNTA MARIA, The. This was the ship in 
which the Italian-born sea-captain Ghiistophcr 
Golumbus (q V. Vol V) sailed across the Atlantic 
and discovered the New World. Golumbus did 
not se^ '>ut to discover new land, but to find a 
new way to Ghina and India. In the light ol the 
belief that the world was a round shape, he 
veiy reasonably thought he could do so by sailing 
wcstw'ard across the Atlantic, for he knew nothing 
of the whole continent of America nor of the 
Pacific Ocean wliich lay betwren. For some 
time he tried to peisuade the King and Queen 
of Spain to provide him with ships and n^dn to 
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make this voyage of discovery. When, in I/I92, 
Columbus had received the King’s support, he 
was sent to a little port near Seville, where the 
inhabitants were in disfavour with the King and 
as a punishment were ordered to provide and 
equip two caravels, small, fast-sailing ships. 
Columbus chartered in addition a larger ship, 
the Santa Maria^ direct from its owner. 

We learn fiom the diary kept by Columbus 
that the Santa Maria was rigged as a typical ship 
of the period and carried a mainsail, foresail 
and mizzen, spritsail, and main-topsaih He had 
ninety men with him in all, and the Santa Maria 
probably carried forty of them. Her size has 
been variously estimated; she is unlikely to have 
measured more than 75 feet in over all length, 
and was probably of a carrack construction {see 
Sailing Ships), relatively short on the keel com- 
pared with her over-all length, and with great 
breadth. We know she carried her ship’s boat 


on her deck. There would have been a poop- 
dtek aft, with cabins below, and a higher fore- 
castle over the stem, rdking forward. 

Columbus sailed for the Canaries with his' 
three vessels at dawn on 3 August. After delay 
anjongst the Canary Islands he sailed a\<^ay into 
the unknown on 6 September. On 10 October 
there was nearly a mutiny amoi\g the frightened 
sailors; but the next day one of the caravels, the 
Nina^ picked up in the water a green branch 
bearing a little flower, which indicated the near- 
ness of land. That night Columbus himself saw 
an unexplained light, and at 2 a.m. on the morn- 
ing of 12 October 1492, the lookout on the fore- 
castle of his other caravel, the Pinta^ saw a white 
sand-cliff gleaming in the moonlight. This was 
the first sight of the New World; the land was 
part of one of the many islands off the coast of 
the American mainland; the island is unknown, 
though some geographers believe it was Watling 
Island in the Bahama group. The Santa Maria 
was later wrecked on Christmas Eve, and Colum- 
bus came home in the Pinta, believing that he 
had reached the Indies. Ever since then, the 
islands near America have been known as the 
West Indies. 

Sec also Expi oration ; Sailing Ships. 

SCANDINAVIAN LANGUAGES. These, 
which include Danish, Swedish, and Noiwcgian, 
arc all descended from Old Norse, the Noithrrn 
branch of the parent language. Primitive Ger- 
manic {see Germanic: Languages). Swedish is 
not confined to Sweden but is also spoken by a 
large number of people in Finland. 

During the Middle Ages, Danish gradually 
replaced Norwegian as the language of' the upper 
classes in Norway, the peasants continuing to 
speak Norwegian. This state of afl'airs has really 
survived until the present day, so that there are 
now two languages in Norway. Rihmdl ‘state 
language’ is really a form of Danish, a,nd is 
the language in which the Norwegian dramatist 
Ibsen wrote, and what we normally mean when 
we speak of Norwegian. It has been developed 
until it is entirely different from Danish in its 
spelling, which has been several times reformed, 
and also in pronunciation, grammar, and voca- 
bulary, many native Norwegian words having 
been taken into it. T he second language of Nor- 
way is Landsmdl ‘country language’, which was 
created in the 19th century out of the various 
Norwegian peasant dialects, and has become 
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more widely used since, because of a definite 
movement to encourage it. • 

Several other languages have developed out 
•of Old Norse, which spread to the colonies 
invaded by the Vikings from the 8th to the i ifli 
centurifes. These include Icelandic, the larigu|ige 
of Iceland, and Faeroese, spoken in the Faeroe 
Isles.. Icelandic is specially interesting because 
it has one of the best medieval literatures; the 
Sagas (q.v Vol. I) and the two famous mytho- 
. logical collections of ancient poems called eddas 
are well known. 

Sec also Vol. I: Danes; Norwegians; Swedes. 

SCHOONER, see Sailing Ships. 

SEALS. A seal is the impression made on a 
substance, usually S(3ft, such as melted sealing- 
wax, from a design engraved on metal or some 
other bard material. The word is sometimes 
used of the object on which the design is engraved, 
but the proper name for this is a die or matrix. 
Finger lings often have a device engraved on a 
ger*, o. , where there is no gem, directly on the 
metal: another type of small seal is the fob-seal, 
so called from the I'ob or pocket in which it could 
be carried. Both of these types are commonly 
called signets. 

7 'he seal is applied to a document to show that 
it is authentic; sometimes it is used in place of a 
signature, or sometimes \Nith it, as further prool 
that fhe document is authorized by the owner of 
the seal. Seals may also be used to close up an 
envelope or packet; the wax haidens when it is 
allowed to cool after the die has been pressed 
upon it. 

The art of seal-engraving was prac tised in veiy^ 
early times, and matrices have been found among 
ancient remains of Babylon, Egypt, and Crete. 
In the Old Testament (Grn. xli. 42) Pharaoh 
passes on his ring, a signet, to Joseph as a token 
« of authority. In Roman 


» 
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\hovc isi the matrix with which the* seal (he low) is irn- 
pi csseci 


nild write, a sign, usually a cioss, took the place 
the signatuie, though some kings used a seal as 
well. In the 8lh and qtli centuries the use of the 
classical intaglio (engraved gem) was revived and 
c ontinued throughout the Middle Ages. In Eng- 
land, apart from one lead scal-impre.ssion [bulla) 
of Coenw'ulf, King of Mercia, the oldest sui viving 
seals date from Edward the Confe.^sor in the 
iith century. After this there is a continuous 
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times both seal and signa- 
ture were used to give 
authenticity to documents, 
and the seal W4is used for 
closing or fastening docu- 
ments. With the collapse of 
the Western Roman Empiie 
in the 5th century a.d. there 
was a decline in the art of 
seal-engraving. Later, in 
the Dark Ages, when few 


series of royal scjils, though befoic Heniy I seals 
w^erc not commonly used by peisons other than 
kings 

In England the Great Seal of the King is the 
chief official seal, and is used for the authentica- 
tion of the most important national documents, 
such as Acts of Parliament. The Privy Seal goes 
back as far as King John, and was originally 
used to authenticate documents connected with 
the King’s chamber, and occasionally as a sub- 
stitute fof the Great Seal. The use of the^ Privy 
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Seal was abolished in 1884, although there is 
still a •member of the British Government who 
holds the title of Lord Privy Seal — a post which 
carries no duties. The earliest municipal seals 
date from the end of the 12th century. There 
are also religious seals, belonging to churches or 
monasteries or their officers, as well as private 
seals of a religious character. 

Matrices, other than engraved gems, were 
mostly of metal, especially silver or bronze, and 
the commonest shapes were circular or pointed 
ovals. They were either in two pieces to be used 
in a press, giving an impression on both sides of 
the wax, or single, usually with some form of 
handle. The design of a seal is made up of two 
parts — the device or picture, and the legend or 
words. The legend normally gives the person or 
institution concerned, or may be a verse or motto 
surrounding the device. From early medieval 
times the legends were generally in Latiii, though 
French and English are also found, and English 
had become common by the end of the 1 7th cen- 
tury. The devices were very varied, including 
human figures, scenes from Scripture and the 
lives of saints, natural and fabulous beasts, ships, 
flowers and foliage, crosses and other symbols, 
and shields of arms either alone or combined 
with* other subjects. Heraldic devices are first 


seen on seals in the 12th century. The impres- 
sions were usually made on wax, though metal 
was sometimes used, especially in hot countries, 
and the seal was then impressed on wax spread 
on the document itself or attached tp tlie strip ot 
parchment or cord hanging from the lower end. 

From being in medieval times a legal neces- 
sity on official documents, on which it is still 
used, the seal came to be a formality, and is now 
often replaced by a wafer or disk of red paper 
stuck on the document to represent the seal. 

See also Heraldry. 

SEAPLANE. This term includes any type ol 
aeroplane which can take ofi'and alight on water. 
There are tw^o distinct groups of such aircraft - 
flying boats and seaplanes proper, and many 
sub-divisions of each group. 

With a flying boat the actual body of the air- 
craft (known as the hull, instead of the fuselage 
as in most other aircraft) floats on the water 
when at rest. A seaplane proper, which has an 
ordinary fuselage, like a land aeroplane, is sup- 
ported on the water by floats, which arc fitted 
to struts below the fuselage. 

The hull of a flying boat has a planing bottom, 
like a speedboat (see Motor Boa'I’S, Vol. IX). 
Although it is buoyant, the hull is not wide 





SEAPLANE 
. enough to keep the aiiciaft balanced on water; 
so stabilizers, wing- tip floats and sponsons, must 
be provided to prevent its rolling over. The 
wing-tip floats are normally fitted to struts be- 
neath the wing; to reduce drag in the air, they 
are generally made to retract into the wing or to 
fold up to form thf wing-tip. Sponsons, or sea 
wings, arc short stub wings mounted low on the 
sides of the hull. They are sturdier than wing- tip 
floats and will stand up to rougher seas ; but they 
are heavier, cause more drag in .water, and 
normally cannot be folded up in ^flight. They 
do, however, provide some lift after flying .speed 
has been reached. 

In the ordinary seaplane, buo^ incy may be 
provided by two floats, mounted side by side on 
struts beneath the fuselage. Sometimes, instead, 
there is only one large float, in which case it 
must be fitted with wing-tip floats on each side, 
as with flying boats. 

A combination of landplanc and seaplane is 
known as an amphibian craft. The amphibian 
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is,usually like a flying boat in design, but is fittcu 
with retractable wheel* which can be lowerec* 
for use on land aerodromps. One great advan- 
tfige of aircraft which can alight oji sheltered 
stretches of the sea or in harbours or river 
esAiaries is that they do not need the vast and 
expensive land airports. Their navigation, how- 
ever, requires seamanship as well as the qualities 
of an air pilot. 

The large flying boat is mainly used for pas- 
senger transport and for long-range military 
reconnaissance. Some long-distance British air 
lines have used flying boats for many years. In 
Canada and Scandinavia flying boats and other 
seaplanes arc in wide use; the ordinary seaplane 
with floats is the more popular, as the floats can 
be replaced by skis for use on frozen lakes in 
winter. 

With all kinds of seaplane the shape of the 
hull and floats is of great importance. A shape 
suitable for fast movement through air is not 
always suitable for stability on watei , nor for a 
clean take-off when rising from water to air. 
Flying boats with airscrew engines have to have 
these mounted fairly high to keep the airscicws 
clear of spray; the conseciuence is a deep hull, 
which reduces the speed of the craft in the air. 
The use of jet piopulsion, by dispensing with 
airscrews, enables flying boats to be built with a 
shallower hull and consequently to give a better 
air performance. 

See also Aeroplane ; Aircjcaft Engines. 

SEA TRAVEL* Until the invention of the 
steamship in the 19th century {see Steamship, 
History ot), travel by sea was always uncom- 
fortable and often dangerous. People went to 
sea to trade, to make war, to emigrate, or to 
explore, but not for pleasure or for health, as 
they do to-day. 

In the ancient world very little was known 
about navigation: there were no CoMPASifES or 
Sextants ^qq.v.) ; so that ships kept as near to 
land as they could and, when possible, put to 
sea only in good weather, avoiding the spring 
and autumn storms. The ships of the ancient 
Egyptians, Greeks, and Romans {see Classical 
Ships) were not built for comfort. Egyptian ships 
about 1500 t.c. sometimes had canopies on deck 
for important people, but the rowers, and other 
passengers sat at open benches exposed to the 
weather. Later Greek triremes, which were 
chiefly war vessels, had little room for passengers, 



399 


SEA l-RAVEL 



Kalional \farilimf Mujfum 

LORD 01 ORGE GRAHAM IN HIS CABIN 

1^01 cl Cjt*oig(* Orcilidni, tlic OdptRiii, dit* tlit* Olicipliiiii ctncl Puiscrj the (^ook hiinps in d dish, r lllfickRinoor plciys 
the pipe and labor, and a poodle perfonns to the mi. u Painting by William Hogarth, 1697-1764 

and the lew who did travel— traders, scholars Oc an. On long voyages shelters were put up 
going to places of learning such as Alexandria, on deck at night when the sail w^as lowered* 
or citizens going to exile— were expected to take otherwise the ships were open, 
their turn at the oais. When the ships wcie During the Middle Ages sea travel was still 
swamped in heavy storms, there w^ere no life- mainly a matter of war or trade; and the wii tings 
saving means as we know to-day; drow^ning was of those days are full of complaints about ton- 
a likely result; and it is small w^onder that before d’^^ons on board ship. The historian Froissart 
putting to sea, saciifices were offered to the sea- tells how Sir llerve de Lion took to the sea at 
god Poseidon (the Romans called him Neptune) Southampton Iok Harfleur; he met with a storm 
for a calm voyage. The Bible narrative (Acts which lasted for a fortnight, during which his 
xxvii) gives a vivid account of St. Paul’s journey horse ^ 11 overboard, and Sir Herv6 himself was 
in A.D. 61 from Crete to Rome, in a Alexan- ‘sosoretioubled that he had never health again’, 
drian cornship with 276 people on board — a A certain Simon Attefcld was provided with an 
journey which ended in wreck. estate by Edward I on condition that he should 

The achievements of the Saxons, Danes, and always accompany the King on his frequent 
Normans were remarkable, for in their ships, crossings to France, to hold the King’s head if 
some 80 feet long {see Viking Ships), they sailed need be. 

to the Mediterranean, down the west coast of Cabins first began to appear about the 13th 
Africa^ ^nd even across the North Atlantic century; the best cabins in the ships buiU ac this 
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time by the Venetians for the Kings of France 
were called ‘Paradise*. But cabins were still only 
for privileged people. Merchants were probably 
allotted accommodation on ^eck according to 
the quantity of goods they were taking. The 
pi^rims who went to Rome, Palestine, and 
Spain had the minimum of comfort. A 1 5th-ccn- 
tury poem describes the overcrowded travellers 
sitting or lying on the deck, feeling sea-sick, or 
trying to concentrate on their holy books in spite 
of headaches, while below the cook is making 
ready a meal, and the steward sets the boaid, 
putting bread and salt on it. Sea-sickness pre- 
vented most people from eating more than salted 
toast, though a solid meal of boiled or roast meat 
was provided. A 15th-century guide book 
advised pilgrims on reaching Venice to get a 
place in the ‘overest stage* of the galley because 
the lower part was ‘smoldering hote and 
stynkyng*. 

Duiing the i6th and 17th centuries ship 
building and navigation improved, and ships 
sailed long distances from Europe to the tropics, 
where food and water soon went bad. There are 
rerriblc desciiptions of conditions on board. John 


Goad, who fought in the Monmouth rebellion 
in 1685 and was consequently transported to 
Jamaica, wrote in his journal how ninety-nine 
people were crammed into a small room under 
cfeck where they could not l^e down properly: 
noi* could they go on deck for air. The sliip w^s 
soon infested with diseases such as smallpox. 
Smollett in Roderick , gives a description 

of similar conditions in the i8th century: theie 
was no proper sleeping room, no means of keep- 
ing food fresh, and even in the sick-bay the an 
was foul. 

Until the end of the i8th century one of the 
chief dangers of a long sea-voyage, especially to 
the tropics, was the disease called scurvy, caused 
by lack of fresh food; and it was not until 1770 
that Captain James Cook showed that this could 
be prevented by including in the sailors’ diet 
lime, lemon, and orange juices, which would 
serve the same purpose as green vegetables. In 
the next year Cook returned from his voyage of 
nearly 3 years in the Endeavour (q.v.) without 
losing a man fiom scurvy. 

In the 19th century there was a great increase 
in sea-travel, both for trading and diplomatic 
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A SEDAN CHAIR 

‘The Ariest’, one of the paintings in the series ‘The Rake’s Propiess’, by 
W. Hogarth, ibqy 1761. 


reasons, and because many 
people emigrated to America 
and Australia. In 1833 'the 
Royal William crossed the 
Atlantic by steam. In this 
sWp thire was a cabin under 
deck with about fifty sleep- 
ing-berths and, a ^well-fur- 
nished parlour ; in the upper 
deck there was a dining-room 
. with tables and benches. 

Emigrants to America or 
Australia, however, con- 
tinued to travel in sailing 
ships, and as their ticket 
covered transport only, they 
had to bring their food with 
them or buy it on board. 

The emigrant ships were 
very overcrowded and un- 
healthy, and even water was 
scarce. When wealthy people 
travelled they took with them 
eve. ythij'g they could want, 
llonoria Lawrence, wife of 
Sir Henry Lawrence, when 
she sailed to India in 1837 to join her husband, 
furnished her own cabin and took with her large 
sui)plies of soap, tea, candles, matches, and other 
necessaries. Even much later it was not un- 
common to take a milch cow on a long voyage 
as the only way of providing fresh milk for babies 
over so long a period. 

By 1870 propeller-driven ships had become 
general, travel became more comfortable, even 
for people who travelled ‘steerage’. Modern 
ships have refrigerator systems to keep food f 1 esh ; 
they are equipped with libraries, swimming- 
baths, and children’s playrooms. Ships like the 
Ojieen Mary and Queen Elizabeth (q.v.) have- 
become, in fact, floating hotels, with every kind 
of ccynfort and entertainment provided for the 
passengers {see Pleasure Cruises, Vol. IXj. 

See also ExFLORAnoN; Trade Routes; Sailing Ships. 

SECRET WRITING, see Codes an Ciphers. 

SEDAN CHAIR. This was a portable covered 
chair popular in England and on tlys Continent 
in the 17th, i8th, and 19th centuries. Two poles 
were placi&d through rings in its side to form 
shafts, by which two nicn, chairmen, carried the 
chair.. 


The name cainc from the French town ol 
Sedan, where the chairs were first used. They 
made their way to England, and became fashion- 
able in London during the reign of Charles I, 
when the King restricted the use of carriages 
because they blocked the sti ects. Some people had 
their own sedans, but generally they were hired 
’ kc Taxis (q.v.\ The longest journey in a sedan 
s made by Piincess Amelia who, in 1728, was 
carried by eight chairmen, working in reliefs, from 
London to Bath, a distance of 107 miles; but in 
general they were used, mainly by ladies, for short 
journeys in the towns. Sedans were most popular 
111 Dr. Johnson’s day, in the i8th century, and 
many of them were magnificently bailt. They 
went out of use as roads improved and travel in 
Carriages (q.v.j became more comfortable. 

SEMAPHORE. Before electric Telegraphy 
(q.v.; was invented, various devices lor visual 
signalling, known as ‘telegraphs’ or ‘semaphores’, 
were in use. They were large mechanical struc- 
tures placed on hills or open sites where they 
could easily be seen, and often had movable 
arms whose position could be changed according 
to a code. One of the earliest was invented 
by a Frenchman, named Claude Chapp.e, in 
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Prussian 


1792, and consisted of an upright post with 
movable wooden arms and hands which could 
be arranged in different ways, and were capable 
of sending as many as 192 signals see Fig. i). 

A similar system was used in England to send 
messages between the coastal stations. During 
the Napoleonic wars, however, when invasion 
from France was feared, a rather different device 
was used, by which messages could be sent 
quickly between the Admiralty and the naval 
ports of Deal, Portsmouth, Plymouth, and Yar- 
mouth. It consisted of two large, rectangular, 
vertical, wooden frames, each divided horizon- 
tally into three, in each of which an octagon<il 
plate could be set either 
upright, to fill the frame, 
or flat to leave it empty. 

The six frames could thus 
be arranged in sixty-four 
different ways. This de- 
vice gave its name to 
several Telegraph Hills in 
the south ol England, such 
as those at New Gross and 
Swanscombe. 

From 1832 a third type 
of telegraph, a Prussian 
device, was in use on the 
Continent. It resembled 
three double railway sig- 
nals mounted on a vertical 
post, which, arranged at 
different angles, could 
send as many as 4,096 
different signals. 

These different forms of 
signalling were developed 
in chains of telegraph siri- 
tions which ran across 
Europe, by which signals 
could be sent remarkably 


quickly; a message 'could be sent from Paris to 
Tbulon, for instance, in 10 or 12 minutes. 

The Semaphore cod^ in use to-day was origin- 
ally invented by a colonel of the Royal Engineers 
ifi 1822, but was not used until much* later. The 
Rqyal Navy were using it for signalliilg w'ith 
mechanical signal arms in the 1870’s, but it was 
not transmitted by hand-flags ^lor another 20 
years. Flags are held in tlie hands to make the 
movements more conspicuous, the signaller al- 
ways facing the person who is to receive 'the 
message. The arms move round in a circle 
divided into eight parts. For the first seven 
letters of the alphabet only one arm is used ; but 
all the rest need both [see Fig. 2). A semaphore 
flag is white with a blue horizontal bar and 
2 feet square, fixed on a stick 3 ft. 6 in. long. 
a clear day it can be seen with binocul.ns about 
4 miles away. Ships’ mechanical arms can be 
seen 10 to 12 miles off. 

Signallers usually w'ork in pairs, one man 
reading out or waiting down the message's, and 
the other making the signals or w'atching the 
distant station to spell out the answer. For all 
kinds of visual signalling, in w^liich w'Oids have 
to be spelt out aloud, special ‘phonetic alphabets’ 
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arc used, each letter having a name by which ^t 
can be distinguished. Th^ alphabet used by the 
British Army in the First World War has given 
us several familiar expressions; from the nam<j 
‘Toe’ for T we gct^Toc H’ (the initials of Talbot 
House), and amongst other familiar terms ;ft*e 
Pip Emma (P.M.), Ack Emma (A.M.), and 
Ack-Ack (anti-aircraft). During the Second 
Word War a phonetic alphabet wift jointly used 
by the British and American Forces, beginning 
Able, Baker, Charlie, Dog. 

See also Signals; Flag Sionallinc;; Morsi Codl; 
Tfligraphy. 

SEMITIC ’LANGUAGES. Semitic languages 
are so called because, according to a Hebrew 
tradition derived from the Book of (ienesis, tliey 
were spcjken by the descendatUs of Shem, the 
son of Noah {see Semites, Vol. 1 ). These lan- 
guages all sprang from a j)arent language, now 
lost beyond recovery. It was spoken by the 
Semites in the earliest times, when they lived in 
their v>i'g»nal home, which is thought lo have 
been Arabia. Semitic languages w'ere spoken in 
Mesopotamia, Syria, and Palestine, and from 
these countries they spread later to Egypt, 
Abyssinia, north Africa, and other places. Fhe 
most important of them are Hcb ew and 
Aramaic {see Hebrew Language), Phoenician, 
Assyrian, Babylonian, Arabic (q.v.), and Ethio- 
pic. Hebrew, Arabic, and Aramaic are still 
spokdn to-day. Ethiopic, the ancient language 
of Abyssinia, gave way in the course of time to 
Amhai'ic, a lar gely non-Semitic language spoken 
in Abyssinia to-day, but Elhiojric still lives on as 
the language of the Abyssinian Church. To the 
Arabic family belongs Maltese, the language oi 
Malta, which has been much influenced by 
Italian. The Semitic languages are closely 
related to one another both in stna ture and 
vocabulary. They arc very different from the 
Indo-European Languages (q.v.), such as Eng- 
lish and French, for almost all Seniitic^words are 
derived from verbs consisting of three consonants. 
For example, from the Arabic KaT' which 
means !he wrote’, arc derived KdTiD ‘scribe’, 


KtTdB ‘book’ and maKTaB •‘school*. Semitic 
languages are usually written from sight lo left. 
It seems likely that in the very distant past some 
family rclationshij? existed between these and 
tfie Hainitic languages (those supposedly spoken 
by the descendants of H.im, another son of Noah) 
which include ancient Egyp^tian, and certain 
African languages, such as those spoken bv the 
Berbers and Somalis. 

Srr abo Language, History of. 

SEVERN TVNNEL. T his tunnel, which runs 
under the estuary of the River Severn, connect- 
ing the west of England with South Wales, is one 
ol the longest under-water tunnels in the w'orld. 
It measures 4 miles 024 yards, of which 2^ miles 
run under the Severn. Before it was built, ail 
railway lines connecting the west of England 
with South Wales had to make a long detour by 
w'ay of Ulourcstcr, crossing the Severn by biidge: 
now the main line betwTcn London and South 
Wales is shortened by 25 miles, and trains be- 
tw^ecn Biistol and Caidiff take half as long as 
they did foimerly. Plans on the tunnel began in 
1873 and work actually started 4 years later; 
but because of the great difliculties involved, the 
tunnel was not opened for traffic until *1880. 
The deepest part of the tidal cstyary on the north 
side, whicli is known as the ‘Shoots’, is about 
400 yards wide and 80 feet deep, even at low 
waiter. So that 45 feet could be left between the 
bottom of this and the roof of the tunnel, the 
^ ’dway had to be diopped down a steep gradient 
1 nearly 3.J miles, to a depth of 115 feet below 
.sco-levcl, and then, alter a short level strip under 
the ‘Shoots', lifted out again up another gradient 
to join the old South Wales main line. 

I’lie worst delays were caused by the breaking 
in of an underground spring which poured 
G,ooo gallons of water a minute into the w orkings, 
and so completely flooded them that nearly 
14 iiiontlis elapsed before it had been sealed off 
and the w'oiks had been cleared of water. In 
October 1883, there was a further disaster, for 
not X did the spring break through a second 
time, but also within a week the regular tidal 
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SEVERN TUNNEL 
wave known as the ‘bore’ ( se ^ Tides, Vol. Ill) 
(;amc up th/^ estuary to such a height that the 
open cutting and the workings at the Monmouth- 
shire end were completely flocyJed out. Pumping 
machinery sufficient to pump out as much as 
3(:>, 000,000 gallons a day was installed. From 
one of the shafts at the Monmouthshire end a 
side heading was driven, parallel with the main 
tunnel, in the hopes of intercepting and con- 
trolling the great spring. For a time these 
measures were successful, and at the, end of 1884, 
when the tunnel was nearly comjjfletcd, it was 
thought that no further pumping would be 
needed. But by December 1885, pieces of the 
lining were breaking out with loud reports, and 
water was again spouting through. Permanent 
pumping machinery was, therefore, installed, 
and this now deals with from 13,370,000 to 
36,550,000 gallons of water daily. There is also 
a ventilation plant. 

See also Tunnels. 

SEXTANT. This instrument is used in a ship 
or aircraft for measuring the altitude, or angle 
above the horizon, of a star or other heavenly 


LIGHT ^ROM 
SUN OR STAR' 



body, and so to fix the craft’s position (see 
Navigation, Marinf). A navigator .holds the 


sextant in his hand and looks into its eyepiece; 
he then carefully adjusts a movable mirror in 
order to bring the reflected image of the star he 
Ijas chosen to the level of the hori/o^; the exact 
angle of the mirror, which is marked, on the 
instrument, shows the angle of the star. Since an 
aircraft is above earth level, an airman must look 
at a ‘false horizon’ in his instrulnent which is a 
‘bubble sextasit’. He keeps this level by watching 
a bubble floating in liquid in a curved tube^ on 
the principle of a spirit-level. 

See also Navigation, Marine; Navigation, History 
of; Compass; Chronometer. 

SHIP. There are about 30,000 sea-going and 
ocean-going ships in the woild to-day, totalling 
nearly 81 million tons. All except a very few are 
now driven through the water by the action of a 
screw propeller or propellers, or by a pair ot 
paddle-wheels. The number of screws by whicli 
a ship is driven depends on such things as the 
depth of water in which she is normally used and 
the total power needed to drive her at her 
designed speed. The ‘screw’, as the name sug- 
gests, is somewhat like part of an ordinal y screw 
used in carpentry. As the carpenter's screw 
advances into the Vvood with every turn of llic 
screwdriver, so a ship’s screw moves forward in 
the water with every turn, propelling the ship 
forward. But a ship’s screw is operating in sea 
water, which is not solid as is the carpenter's 
wood, and so it tends to slip. Therefore* with 
every turn of the screw there is a certain amount 
of wasted effort. The alternative to the screw is 
the paddle-wheel, generally used in jjairs, the 
edge of the wheel bearing flat boards known as 
‘paddles’. As the wheel turns round, the boaids 
thru.st against the water in which the ship is 
moving. 

Whether a ship is driven through the water by 
means of a screw or paddle-wheels, there must 
be an engine which turns them. Ships’ ertgines 
are of two kinds, either reciprocating (to-and- 
fro) or rotary. In the first kind a piston moves 
to and fro, rather like the up-and-down motion 
of a cyclist’s knees, causing circular motion on 
the principle of the cyclist’s feet and pedals, and 
so turning the propeller. Reciprocating machines 
may work by steam or by oil. Steam Engines 
(q.v. Vol. VIII) get their power from the pres- 
sure of steam in a boiler. In the Internal Com- 
bustion Engine (q.v. Vol. VIII), power comes 
from a series of explosions of fuel-oil, vyhich has 
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been previously forced into 
at high pressure. 

Rotary engines, usually known as ‘tut bines’, 
ope.iJi steam. A turbine consists of a large 
drum which can spin round inside a circular 
casing. Steam is forced against a number of 
blades which are set round the edge of' the drum; 
this moves round at high speed and turns the 
shaft it) which it is attached {see Steam Turbint, 
Vol. VIII). Most turbines tg-day are used with 
steam boilers heated by oil because this is the 
cheapest way of making steam. Apart from 
driving the ship, pow^r is needed for many other 
purposes, su(;h as lighting, cooking, heating, 
ventilation, and the working of deck gear needed 
for moving cargo in and out of the ship’s hold. 

In the whole w^orld of ships there are probably 
nearly a hundred different Upes and kinds. Few 
can carry out the wcjrk of others because each 
type of cargo requires .special characteristics in 
thew^ay of winches, masts, derricks, and hatches, 
as wfll as speed. All ships can be classified as 
liners,* tramps, or auxiliaries. 

Liners (q.v.) are ships which trade regularly 
between the same ports. Their size is set by the 
size of the harbours to which they re;^ .larly run ; 
their speed is designed to suit the nuinl)er of 
journeys they make in a year; the number of 
hatches they have is decided bv, the crane 
facilities on the quayside at each end of the 
voyage. A supreme example c^f a liner is one 
of the Qtieens, such as the Qttcen Mary or Qijeen 
Elizabeth (q.v.), running between Southamp- 
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and unloadinc: a gcncial c 

ton and New' York. But a cross-channel ship 
running between I)()\er and Calais is also a liner. 
In eat h case the vessel carries passengers, a 
limited amount of freight, and mails, and runs 
to a schedule as rigid as that of an express train. 

The tramp ship is required to trade* mainly 
with bulk cargof'S in almost any part of the 
world. A bulk caigo, in contrast to a cargo ot 
goods packed in cases, is a hejwy ‘dead-weight’ 
cargo, such as coal, grain, or iron ore. It is 
loaded in bulk and icmoved in bulk. The tiamp 
must be available to run in any part of the 
world, perhaps carrying coal outwards from 
)uth Wales ports to poits on the River Plate in 
ath America, and trading homewards with 
giain. Tramp shi[>s must aheays he prepaied to 
operate ‘in hcdl.isi’, that is to say, without any 
cargo in their holds, therefore they must be 
specially built so that even when the holds are 
empty the shij) does not ri.se so high in the water 
that the .screws show above the su lacc. Sea 
water is purnjjed into ballast tanks to make the 
ship heavy, and .so kef'p the screws under watci. 
The tramp is usually smaller than the cargo 
liner, and rarely exceeds 10,000 tons gross. She 
carries more cargo-handling gear than liners, 
and generally more fuel, for her work takes her 
to out-of-the-way ports which have limited 
equipment and supplies. 

Specialized vessels such as tankers and fruit 
ships can be either liners or tramps. The oil- 
tanker is probably the most important of all 
ship types to-day; a third of the <.hips built in 
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Britain in the years following the Second World 
War were tankers. These are vessels built to 
carry liquid cargoes in bulk; generally the liquid 
is some kind of oil, but ships have been built to 
carry acid and other liquid chemicals. Some 
tankers arc owned by oil companies; others are 
chartered for a. period of years. The largest 
tanker can carry some 30,000 tons of cargo. The 
basic design of all tankers is the same ; they have 
a single deck, with the engines near the sjtcrn. 
The rest of the ship is filled with oil, stored in 
small tanks, sometimes as many as thirty. Pipes 
lead to each tank, so that the entire cargo, pass- 
ing through the ship’s pumps, can be loaded or 
unloaded through hoses in a few hours. 

The life of a tanker is limited by corrosion, for 
the tanks are attacked by oil vapours and, when 
they are carrying sea-water ballast, by salt. Dry- 
cargo ships last about 25 years, but oil tankers 
only about 15. When the ship passes through 
tropical waters the oil becomes heated and so 
expands; therefore piping is fitted to the tanks 
to let out the oil vapour and prevent pre.ssurc in 
the tanks rising ; the vapour is led to the tops of 
the masts to prevent inflammable gases being 
present at deck level. 

Fruit, meat, and other perishable goods 
brought from places as far away as Canada and 
South Africa must travel in a refrigerated hold, 
where the low temperature prevents decay (see 
Refrigeraiion, Vol. VIII). Fruit grows and is 


picked at special seasons, so that a regular run 
throughout the year cannot be expected. Some 
ship-owners have built ships which can operate 
from California 01 from South Africa or the 
eastern Mediterranean, taking any fruit which 
is in season. Ships engaged in the Medilcr- 
ranean fruit trade sometimes take cargo from 
ports of the United Kingdom or tlie Continent 
of Europe to ports on the Cheat Lakes of Nor th 
America during the ice-free .season, whi^h is 
some 8 months of the year. They are small, fast, 
well-equipped sliips, and may have? accommoda- 
tion for a dozen or .so passengers. 

Refrigerated ships vary from the i,ooo-ton 
fish carrier to the large meat ships on ocean 
routes, which may run to 14,000 tons and a 
speed of 17 knots. Fruit ships, w'hich arc usually 
motor- ve.ssels of 2,500 to 4,000 tons, have very 
high speeds for ships of this size. The holds and 
*twTcn decks of fruit ships are insulated, with 
cork or glass silk to pr event changes of tempera- 
ture. Tho ship’s reft igcrating machinery can 
cither keep the cargo spaces at a very low 
temperature so that the cargoes arc frozen hard, 
or reduce the temperature only enough to chill 
the cargoes and prevent them going bad. This 
may affect ^the design of the ship. If a meat 
cargo is completely frozen, the carcases can be 
piled up in the hold, like any other solid cargo; 
if the meat is only chilled, however, each carcase 
has to hang by a separate hook, and several low 
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’tween decks are needed. Chilled meat is there- 
fore inore expensive to carry. 

Grr.i ’ be c'arricd in any dry-caru^o shi[) 
which has room for a cariijo bulky in proportion 
to its weiu^ht, and in which the cargo can be 
prevented from shifting at sea and endangering 
the balance of the vessel. Evei'y ship canying 
grain has a bullJiead or partition running 
lengthways down its centre to krep the cargo in 
place. This ran be dismantled when the shij) 
has to carr)^ other ( argoes, 

Bc^ides vessels that ply in the main seaways (>1 
the world, there ar e many 'coasters’ engaged in 
short-distance trading. 

Auxiliary ships, such as Drcdolus, Tugs, 
Cable Ships, and Iciamr \ki ils (qq.v.) are 
mostly concerned with the important work ot 
keeping open the sea lanes upon w hich the other 
kinds of ship w'ork. Pugs move big ships into 
port or alongside quays. Di'edgcrs maintain a 
sufficient depth of water in the sea lanes which 
lead *tp quaysides and ports. Liglitships {see 
Lighthouses and Lighiships) are ipooied to 
mark some danger area, such as a sandbank or 
stretch of shallow w ater, and to give irning to 
other ships by their light signals. 

Stc also Merchant SmrpiNG; Liner; ^^c)lOR-sIII^; 
Eleciric Ship; Por'is and Harbours. 

See also Vol. VIII: Sun* Bcii dincj. 

SHIP CANAL, sec Canals; Manchlsii r Ship 
Canal. 


SHIPS, see Primitive Ships; Ci assigal Ships; 
Viking Ships; Sailing Ships; Silamships. 

SHIP’S COMPANY, Duties and discipline in 
a ship at sea arc the result of traditions which 
have changed slowdy with the centuries, although 
changes have been greater since the coming of 
steamships and motor-ships. Tlie head of every 
merchant sh ip is the master, w ho has the courtesy 
title of captain. If he is master of a passenger 
ship, he wears upon his sleeves, while afloat, the 
distinguishing gold lace of his rank. Some 
‘b’pping companies have their own cuff or 
^ uldcr design, but the usual mark of master’s 
rank is four rows of gold lace with a lace diamond 
between the centre row^s. On his uniform cap is 
the Merchant Navy standard badge or the com- 
pany’s badge, w ith a row of gold oak leaves on 
the peak. The master of a small cargo liner 
probably wears full uniform only when entering 
01 leaving hai hour, t)r on other special occasions. 
The master of a tiarnp steamer may wear no 
other outward sign of' authority than a uniform 
cap, and even that may be discarded in favour 
of a iiiore comfortable shore-going hat. 

Masters of all types of ships, w'hether liner or 
tramp, lead the lonely life of leaders whom 
custom docs not allow to mix freely wath those 
under them. The master keeps no watches (fixed 
spells of duty), but he is always on call. He takes 
over the bridge when entering or leaving har- 
bour, or during an emergency or some unqsual 
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THE BRIDGE OP THE LINER ‘CARONIA* 

The magnetic compass ran be seen in front of the helmsman, and the gyroscopic compiTss to his right Behind the oHitcr 

of the watch are the rngine-roorn telegraphs 

manoeuvre. Before he can sit for his master's known (from the place where their ejuarters were 
certificate, a sailor must usually serve 4 years at in sailing vessels) as ‘the half deck’. I’hcse boys 
sea as an apprentice, a further 18 months after may be cadets from one of the cadet training- 
passing for his second mate’s certificate, then schools or raw new-comers to the sea. The 
2 years after passing for his first mate’s certifi- shipping company accepts a premium (a sum ol 
cate. Then he must wait until the owners con- money paid in advance) in return for teaching 
sider him experienced and responsible enough them the rudiments of their profession, until 
to be given command, they are qualified for the second mate’s certifi- 

The next senior deck officer is the first mate, cate. The greater part of the premium is often 
or chief officer, as he is now more popularly returned to the boys in the form of pocket money, 
called. He is probably an ofFiper in possession The engineering department is administered 
of his master’s certificate, and waiting for a by the chfef engineer, known as ‘the chief’. He 
command. He is the senior deck (as opposed to is responsible only to the master and, like him, 
engine-room) watch-keeping officer, and is in keeps no regular watch. Under the chief en- 
general charge of the deck department. The gineer there are three or more engineer watch- 
other deck watch-keeping officers are the second keeping officers, whose first responsiblity is the 
and third officers. (In the giant passenger liners, ship’s maimengines. But a constant watch must 
there may be as man>' as eight watch-keeping also be kept upon the temperature and lubrica- 
officers.) They are responsible to the master for tion of all other machinery — pumps, dynamos, 
the navigation and safety of the vessel. Most of fans, and so on. During a gale, when the ship is 
the better-class companies also carry apprentices, pitching badly, the watchkeeping engineer will 
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stand by the throttle, and every time the up- 
flung stern brings the projjeller out of the watA*, 
he will ease down to avoid racing the engines. 
If the ship has refrigerated holds, she will carry 
a separate staff of refrigerating engineers. • 
.There are probably other officers in the slyp, 
who are neither of the deck nor engineer 
branches. II the shjp carries enough passengers, 
there is a purser on board, who^ is the ship’s 
busincss-nianager and deals with all money, 
stores, and documents. He also looks after pas- 
sengers’ valuables, and any small valuables that 
arc being carried as cargo. The clerks, caterers, 
cooks, and stewards are his responsibility. If the 
ship is solely a cargo vessel, most of these duties 
arc usually performed by the chief steward. 

If there arc more than loo men in the crew, 
the ship carries a doctor. All ships of any size 
now carry one or more radio officers, w'ho may 
be employed either by the shipping company or 
by the company which supplies and installs the 
ship's radio. 

Chief of the ‘lower deck’, as the seamen are 
collectively called, is the boatswain, pronounced 
‘bos’ll’. He is a sort of senior non-commissioned 
officer of the ship, and takes charge of all 
mantruvres under the supervision of the chief 
officer. ‘Chips’, the carpenter, is responsible for 
the maintenance of fresh-water tanks, sounding 
the bilges to see if water is leaking into the ship, 
letting go and heaving up the anchor, attending 
to the cargo hatches, and so on. The cook must 
hold a certificate, and usually has under him a 
butcher, baker, and other assistants. Tlic donkey- 




Firsb 

Officer 



Second 

Officer 


Uncertificdbed 

Officer 



.Chief 

Engineer 



Second Third 

Engineer Engineer 

Qold Bands on Purple 



fourth 

igineer 


man is to the chief engineer what the boatswain 
and carpenter arc to the chief officer. 

The seamen begin their career *as ordinary 
seamen, and must serve 3 years before they can 
be ‘rated up’ and jSaid as able seamen. Qiiartcr- 
masters are higher-paid able seamen employed 
as helmsmen, and greasers are the as.sistants*to 
the engineer of the watch. Im the stokehold are 
the firemen who tend the fires and the trimmers 
who wheel supplies of coal from the bunk<‘rs. 
The use of oil-fired boilers or the internal com- 
bustion cn^nc at sea is altering the duties of 
firemen, and* doing away with the trimmers. 

In passenger liners there are many other workers 
— stewards, lecturers, librarians, hostesses, hair- 
dressers, shop assistants, telephonists, lift atten- 
dants, and others. 

All the crew of a meichantman sign a con- 
tract known as the Ai tides of Agi cement. Ti'hc 
Covernmeiit lays down rules about ihcir feeding 
and accommodation. 

See also Ship. 

SHORTHAND. This word applies to any 
system of shortened handwriting which can be 
put down as quickly as anyone can speak; an 
alternative word is ‘stenography’ (Greek: stems 
‘narrow’ or ‘space-saving', graphein ‘to write’). 
The use of such quick writing is not new: the 
ancient Greeks may have used .shorthand; the 
Romans certainly did so: it seems to ha\'e been 
taught in their schools. 

Modern shorthand in England can be traced 
ack to 1588, w^hen Dr. Timothy Bright pub- 
.hed his Characlerie' An Aile of Shorle, Swifle and 
Secret Writing by Character, This system w^is diffi- 
cult to learn, for nearly ever) w^ord had its own 
special sign. The system of John Willis, whose 
Art of Stenographie ran into fourteen editions be- 
tween 1602 and 1647, was simpler to learn, but 
must have been clumsy for last wdting. The 
diarist Samuel Pepys (q.v. Vol. V) kept all his 
diaries in shorthand, using the method of T. 
Shelton (1620), an imitator of Willis. 

Tli^ systems of Willis and his successors were 
based on the alphabet, each letter being repre- 
sented by a straight line or curve, some with 
hooks added. Vowel sounds w'crc indicated 
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rather vaguely, and confusion could easily arise. 
Gradually these systems wrre superseded by 
‘phonetic’ systems (Greek; phone ‘sound’), based 
on sounds, and not on the written alphabet. 
The basis of shorthand is the realization that 
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ordinary spelling uses fa^f too many symbols (or one normally talks; Public speakers average not 


letters) for short and simple sounds. Therefore 
shorthand, hi writing a word, leaves out as many 
unnecessary symbols as possible; for those sym- 
bols which are left, it uses edfey strokes in place 
of the complicated shapes of ordinary written 
letters. Where ordinary letters have more than 
one sound (as, foriinstance, the letter g has the 
sound in ‘give’ or that in ‘ginger’), shorthand 
invents extra symbols to represent those sounds. 

In the 1 8th century one improved system 
followed another, though none werfc quite satis- 
factory. The best was that of Samuel Taylor, 
1 786, the brevity and simplicity of which 
attracted the attention of the great stenographer. 
Sir Isaac Pitman (1813-97). Pitman’s first effort 
was, in fact, a manual of Taylor’s system; but 
presently he began anew on his own lines. Wish- 
ing to make shorthand generally available, he 
issued his Stenographic Sound-Hand in 1873, at the 
low price of 4^/. a copy. The system achieved 
great popularity in Great Britain and America, 
and was adapted to several foreign languages. 
Continuously modernized and improved, it is 
still the most widely used shorthand, although 
many others, such as Bell’s, Sloan’s, and Gregg’s, 
are also in common use 



The above is the nursery rhyme, Three Blind 
Mice, written in Pitman’s shorthand. It shows 
how use is made of thick and thin strokes and 
curves. The most common words are repre- 
sented by grammalogues, very brief symbols, 
such as a dot on the line for ‘the’, and a dot 
above the line for ‘a’, and often-used phrases, 
such as ‘in the circumstances’, are shown by 
phrascograms in which the symbols for each of 
the words are joined together and abbreviated. 
Vowel sounds can be shown by dots aiid dashes 
placed beside the consonant symbols; but they 
can be mainly dispensed with by writing the 
symbols above, on, or through the ruled lines of 
the notebook. In this way the symbol for ‘tn’ 
written above the line ineaas ‘tan’, on the line is 
‘ten’, and through the line ‘tin’. 

In competitions, shorthand has been written 
at 250 words a minute, which is faster than any- 


ri 9 orc than 150 words a minute, a speed which 
a good shorthand writ'Sr can follow. 

SHORT-WAVE WIRELESS. A gteat part of 
wifeless transmission takes place on short waye- 
lengths. There are several reasons for this. 
Short-wave stations are cheaperoto operate than 
long-wave stations, as they need smaller trans- 
mitters and less costly aerial equipment, requir- 
ing smaller maintenance staffs. Many more 
short-wave stations than medium or long ones 
can be tuned-in for an equal amount of knob- 
turning on an ordinary receiver; medium and 
long- wave transmission tends to ‘spread’, because 
the length of the wave makes a larger area of the 
tuning circuit become active. Short waves can 
be directed as a ‘beam’ in any direction, which 
greatly adds to the distance they travel and 
reduces the power needed to send them.. 

Speech is most easily conveyed across the 
w'orld if the short-wave transmission is sent out 
as a ‘beam’. In a motor-car headlight, the 
reason the light is so strong and goes so far is 
that the whole of the light from the small electric 
bulb is caught up in a reflector, which is merely 
a curved mirror behind the bulb, and is c'on- 
centrated in one narrow beam. Beamed wire- 
less works on the same principle. The energy 
from the short-wave transmitting aerial is caught 
up by wire screens behind the aerial, and is 
reflected forward in one narrow path. The 
inventor, Marconi {see Wireless), when experi- 
menting in 1921, found that signals which he 
received were 200 times stronger if reflecting 
screens were fitted round the transmitting aerial. 
Long Weaves, like short waves, can be reflected 
in theory; but in practice they would require 
enormous assemblies of reflectors, perhaps miles 
in size, and even then transmissions might not 
be satisfactory. 

The short-wave beam system is used ar the 
‘radio link’ in all telephone calls between Britain 
and the Commonwealth countries, the United 
States, and other distant places, as well as calls 
to ships at sea. It also plays a part in broadcast- 
ing. If the B.B.C. wish to include in their 
ordinary home programmes a talk by a com- 
mentator frpm America, they arrange for him 
to speak from New York to London by short- 
wave beam. His voice, on reaching London, 
can be linked with a B.B.C. transmitter, and so 
broadcast while he is actually speaking. Other- 
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wise the voice can be recorded on a disk or other 
recording device to be broadcast later. The 
short-wave beam also makes it possible for people 
in different countries’ to take part in the same 
broadcast jjrogramme, talking to one anothA 
a^ if they were in the same room. The traditional 
‘round-the-world’ broadcast from the B.B.G. on 
Christmas Day is organized in this way. 

Even a carefully directed beanj transmission 
can become very faint at a distance of some 
thousands of miles ; but its range can be increased 
by using a relay station. Any short-wave wireless 
station can serve as a relay. Spoken com- 
mentaries on cricket Test Matches played in 
England have been transmitted on a short-wave 
beam from England, picked up on a high- 
quality receiver at Singapore, in the Malay 
Straits, magnified to their original strength in a 
local transmitting station, and then transmitted 
afresh .by short-wave beam from Singapore to 
Australia and New Zealand. There the com- 
mentaries have been taken to local broadcasting 
stations and broadcast on medium waves in the 
local progiammes. 'Fhis kind of relaying is 
sometimes known as ‘boosting’. 

Aerials linked with transmitting and receiving 
stations for beam wireless are situated in various 
parts of Britain ; generally a site is chosen in the 
countr>% aw^'iy from disturbing influences such 
as high hills. The pre.sence*of mineral deposits 
underground might upset delicate electrical ad- 
justments; so might the industrial plants and 
power station of a large city. One British beam 
station in tlx- west of England opciutes with 
South America along a route almost the whole 
of which is over water, which offers less intcr- 
fei ence to wireless transmission than large areas 
of land. 

Receiving aerials and transmitting aerials arc 
sometimes erected miles apart, so that they will 
not interfere wnth one another electrically. A 


them to tfie tclephonc^and-lipc on their way to 
the telephone exchange. From there they arc 
connected with the customer. 

See also Wavelengths; Speecii, Transmission of. 

SHUNTING, see Marshalling Yards. 

SIAMESE LANGUAGE, see Chinese and 
Allied Languages. 

SIGNALLING, RAILWAY. British signalling 
is based on tllc ‘block’ system, under which every 
length of line is diyided into sections, guarded 
by signals, and no train or locomotive is allowed 
to enter any section if another is already there. 
The more trains running on a line, the shorter 
the sections; otherwise a tiain w^ould often have 
to wait for another train a long w'ay ahead to 
pass out of a long section. 

Many gradual changes are taking place in 
signalling. The semaphore arm is being replaced 
on many lines by electric colour-light signals, 
w'hich have no moving parts, and which throw a 
powerful beam by day or night. At bu.sy places 
the many small signal-boxes (one for each section 
of line) are giving way to a cential ho^ with 
Elec’irig Sign ai ling control (cpv.). Where 
traflic is very dense AirTOMXiiG Signalling 
(cpv.) takes the place of a human signalman. 
Sometimes the flow' of traffic over main lines is 
kept moving by Train Control (q.v.) many 
miles awMy, although the signalmen on the spot 

11 handle each train, d'lie sy.stem of safety 
\ iiieh underlies all these developments, how- 
ever, is based on the traditional rules of the one- 
man signal-box and the old-fashioned semaphore 
signal, whose w'orking w'ill now be described. 

A signal-box stands w'here one section of line 
ends and the next begins ; each signal on a sigrial- 


bcaKi station, of course, is not concerned wath 
the c6ntrol of the spoken messages which pa.ss 
through it. All the connexions are handled at a 
special telephone exchange, usually called the 
‘radio terminal’ ; the only task of th transmit- 
ting station is to convert the sounds which it 
receives on the telephone land-line into strong 
wireless signals, beamed in the right direction 
In the same way, the receiving station has to 
pick up the incoming beam signals from a 
distant transmitter to strengthen them so that 
they make good audible speech, and to transfer 
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post is known as a signal, to distinguish* it 
from signals made with the hand, or by flag or 
hand-lamp/ The semaphore ‘stop’ arm, red 
in front and white at the back, stands horizontally 
for ‘danger’ and diagonally for ‘clear’. On some 
lines the arm points upward for ‘clear’, and on 
others downward; the upward angle or ‘upper 
quadrant’ is now standard on British Railways. 
The arm is worked by wires, but is weighted so that 
it swings to ‘danger’ if a wire breaks. A red and 
a green glass in a ‘spectacle’ attached to the arm 
move in front of a lighted lamp at night (Fig. i). 

Signals which the driver is ndt allowed to 
pass if they stand at ‘danger’ are called ‘stop’ 
signals. But since no train could travel very fast 
if the driver had to be ready to sU 'p dead at any 
‘stop’ signal, a cautionary signal known as a 
‘distant* signal is placed from J to £ mile from 


to protect shunting'movements. All those signals 
a.ft mechanically interlocked in the signal-box, 
so that the level which operates the ‘distant’ 
signal cannot be pulled to ‘clear’ unless all the 
Ijtop’ signals are also at ‘clear’ (Fig. 2). 

JuCt us see how these signals are used in a 
typical box, that of Signalman jB, which is half- 
way between signal-boxes A and C (Fig. 3). A 
‘block* section extends from the ‘starter’ of one 
box to a point about a quarter of a mile beyond 
the ‘home’ signal of the next box ahead. I'he 
boxes arc connected by bells, and also by an 
electric circuit which moves a needle to one of 
three positions on a dial: ‘Line clear’, ‘Train on 
line’, or ‘Line blocked’; this last is the normal 
setting when no traffic is being handled. Signal- 
man B hears one stroke on the bell from A, 
‘Calling attention’. B answers with one stroke. 


(DOWN DISTANT 'DOWN* HOME DOWN* STARi Eft 
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Down ‘Home’ signal guards rear of train standing at platform. Down ‘Starter’ is cleared when box ahead accepts train. 
, Up ‘home’ and ‘starter’ are sliown clcaicd for express acccpt<‘d by next box 


the signal-box to warn the driver of a coming 
‘stop’ signal. If the ‘distant’ signal is ‘clear’, the 
train can continue at full speed; if not, the driver 
has time to slow down. The arm of a ‘distant’ 
signal is fish-tailed, while a ‘stop’ signal has a 
square end. The standard colours for the ‘dis- 
tant* signal are a yellow arm and an orange 
light at night for ‘caution’. 

There arc usually at least two ‘stop’ signals 
near a signal-box for each direction of running. 
As a train approaches the box, it comes to the 
‘home’ signal Rather more than a train’s length 
farther on is the ‘starting’ signal or ‘starter’. A 
train standing between ‘home*’ and ‘starter’ is 
protected by that signal-box. Thcrc^may also 
be an ‘advanced starter’ a little farther ahead. 


If a passenger express is corning, A then rings 
four strokes in even succession, mcrining, ‘Is line 
clear for passenger express.'*' If /i’s section, from 
B to C, is clear, B rings back four strokes to A, 
and moves the needle of his di^l from ‘Line 
blcTcked’ to ‘Line clear’. The move is shown also 
on A^s dial, and he then sets his signals to ‘clear’. 
As the train passes Itox, he rings two strokes 
(meaning ‘Train entering section’) to B^ who 
then readjusts the needle of his dial to ‘Train 
on line*. Meanwhile B has been ringing C’s 
bell, and offering the train, just as A had done, 
and on acceptance from C, has pulled off his 
signals also. When the train reaches R’s box, he 
sets each signal at ‘danger’ as the train passes, 
then rings back toA^ ‘Train out of section’ (two 
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Signals on Block A-B are in position for ‘train on line*. Signals on Block B-C arr in position for ‘Line rlrar’ 
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no. 4. IjKIlISII KMI.WAYS HI AULAlJlp CODE 

I, P^isscnp^or express train; 2. Passenger stopping train; 
3. Express freight, not less than one-third of train with con- 
tinuous brakes or empty passenger stock; 4. Express 
Freight, without continuous brakes; 5. Through height or 
ballast; 6. Light engine or engines, with one or two brake- 
vans; 7. Express parrels, milk, &r , in coach-type stock; 
8. Mineral or empty wagon train; 9. Goods stopping train; 
10. Royal train. In addition a lamp at bottom centre and 
right indicates certain other express height trains. 

strokes, pause, one stroke), and sets his dial to the 
normal ‘Line blocked’. 

Any train can be described by this bell code; 
tlius a stopping passenger train is three strokes, 
pause, one stroke. Signalmen identify trains by 
the locomotive headlamps (Fig. 4). A lamp over 
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each buffer marks a passenger express ; one at the 
base of the chimney shows a passenger stoppings 
train; goods and various other trains have other 
combinations. On busy lines, white disks indicate 
th/2 routes which trains are to travel. On other 
lines, large ligures in front of the engine are used 
to show the number of the train. I'hc tail-lamp 
of the last coach shows a signalman that no part 
of a train is missing. 

In some cases electrical contacts, worked by 
the trains themselves, lock the signal-box levers, 
and the ‘Train on line’ dial, to prevent a signal- 
man making a mistake. The more usual protec- 
tion against forgetfulness is the ‘track circuit’ {see 
Electric Signalling, Section 2). In the signal- 
box the levers arc interlocked to prevent signal- 
men from moving signals on points in such a 
way that trains might collide with one another. 
‘Locking-bars' are attached to points so that a 
signalman, having locked the points after mov- 
ing them, cannot move them again until the 
train has passed. 

The principal levers in a signal-box are usually 
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at opposite ends, accorciing to the track which 
they controj. Between them are minor levers 
controlling cross-overs and sidings. Levers of 
‘stop’ signals are red, ‘distai;it’ signals yellow, 
points black, and locking-bars blue. Spare levers 
ar,e white. Each lever is numbered, correspond- 
ing with a diagram in front of the signalman. 

See also Electric Signalling : Automatic Signalling; 
Train Control; Railwaymln, Section 4. 

SIGNALS. A signal is an action by which one 
person sends a message to another ^vithout speak- 
ing. Signalling usually consists of moving con- 
spicuous objects, such as lights or flags, that can 
be seen at a distance, or of loud, echoing, or 
piercing noises, such as drums, whistles, or 
horns, that will rise above other sounds and 
carry a long way. Such means of communica- 
tion enable messages to be sent over very long 
distances where direct speech would be impos- 
sible. Indeed, it was even thought that it might 
be possible to communicate with intelligent 
beings on Mars (if such existed) by a series of 
light flashes made from vast reflecting mirrors. 

A very old method of signalling by night is 
with lighted beacons (like bonfires) set up on 
commanding sites. The news of the fall of Troy 
is supposed to have been sent 400 miles to Argos 
in Greece by a chain of beacons built on eight 
mountain-tops. The Romans, by a network of 
beacons along certain main routes, sent impor- 
tant State messages from one end of their Empire 
to the other. Signallers were always at hand 
along the fortified boundaries of the Roman 
Empire to report instantly the approach of 
hostile forces. Hadrian’s Wall, the Roman 
boundary between England and Scotland, had 
watch-towers and signalling stations along it at 
intervals. A famous line of beacons ran across 
Asia Minor in the 8th century, when the Byzan- 
tine Empire was ruled from Constantinople, and 
there was constant fear of invasion by the 
Saracens. Watch was kept at a place called 
Lulon (about half-way along the souithern side 
of what is now Turkey); from there, with only 
eight beacons in all, danger signals could be sent 
to Constantinople, some 500 miles away. Beacons 
have been used in England in times of national 
danger: a chain of them, reaching from the Eng- 
lish Channel to the Scottish border, gave news 
of the approach of the Spanish Armada in 1 588. 
Beacon stations were set up all along the hills of 
southqm England during the Napoleonic wars, 
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when invasion from France was expected; the 
signal was to be fire by night and smoke by day. 
Smoke-signalling was a method practised especi- 
ally by the North American Indians. They 
would make a fire of partly dried grass which 
they covered at intervals with a wet blanket; 
whenever the blanket was lifted a puff of smoke 
rose into the sky; various combinations of puffs 
had various meanings. 

Audible signals usually take the form of high 
penetrating noises, or of deep reverberating ones 
which carry a long way, and which tend to be 
made stronger by echoing. The human voice 
can sometimes be used for the first kind: the 
North American Indians, for example, had 
special calls which could lie heard at a distance; 
yodelling, now practised as an art among Alpine 
mountaineers, was originally simply a means 01 
signalling. Whistling, too, is often used as a 
signal, as when we whistle to a dog. A code of 
whistle signals exists in parts of Africa. Since 
earliest times pipes and horns have been used 
for this kind of signalling. Pipes were used by 
shepherds in ancient Rome, Greece, and the 
East. The bos'n’s pipe, a very high-pitched kind 
of whistle, is used in the British Navy as a signal 
to the crew. Tt has a wide range of calls to 
convey different orders, many of which have 
been put out of use with the passing of sail. 
Among those that survive is that used for ‘piping 
the side’, when a senior officer or other distin- 
guished person is received on board. But . now 
the pipe is mostly used merely as a call to atten- 
tion before an order is passed by word of mouth. 

The horn is a practical signalling instrument, 
for its note will carry a great distance. I’hc 
earliest horns, the hollowcd-out horns of bulls, 
were used by shepherds, foresters, huntsmen, and 
soldiers. Horns were widely used in the Middle 
Ages, and many of the heroes of medieval legend, 
such as Roland and Robin Hood, carried a horn 
on which they sounded a special blast to suir/mon 
their followers. Roland, one of the captains of 
the great Frankish emperor Charlemagne in the 
early 9th century, is reputed to have had a magic 
horn called Olivant, on which, when fatally 
wounded in a battle in the Pyrenees Mountains 
against the Saracens, Roland sounded a call for 
help to Charlemagne. The blast was so loud 
that the horn cracked in two, but Charlemagne 
in France heard it and rushed to the rescue — 
though too late. It was the practice in the Middle 
Ages for the look-out who kept watch flrom a 
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castle-tower to sound a horn as 
a danger signal. ‘Waits’ or 
watchmen, who used to patrol 
the fortified walls of the towns, 
sounded the* hours upon a horn. 

Tljc horn is still used by hunts- 
men, who make their signals by 
means* of a simple code of 
rhythmic blasts. The trumpet 
and bugle were long used for 
military signals in battle, the 
trumpet by the cavalry, the 
bugle by the infantry. They ;.A’e 
now mainly used on ceremonial 
occasions. 

Among the echoing types of 
signal arc bells. In Roman times 
bells were hung round the necks 
of cattle, sheep, and goats so 
that their herdsmen could find 
them ; this is still done in lands 
of unfcnced pastures, such as 
mountains. From the Middle 
Agca onwards the small hand- 
bells of hawkers and others 
were frequently to be heard in 
the streets. Lepers had to carry 
a bell or a rattle to warn people 
to keep away from them, as their 
disease was contagious. Bclls^arc now used for 
many purposes in ordinary hfe, especially in the 
Navy^ where each hall-hour in a spell of duty 
(watch) is marked off by a spec ial number of bells. 

Church belie, \Nhich will carry a long way, 
have always been used Ibr other purposes than 
calling people to worship. 'Ihey were tolled to 
call people to their duties in the Acids, or to 
summon them to a municipal function The 
‘Pancake bell’ w^as tolled on Shrove Tuesday as 
a signal to begin preparation for the Lenten fast 
and the ‘passing bell’ w^as tolled when someone 
was cluing, so that everyone might pray for the 
departiYig soul. The church bell, wBich was 
sometimes the property of the town,* w^as the 
town alarm signal, or ‘tocsin’, to spread new's of 
dangers such as plague or fire, and ) muster 
the soldiers in time of w^ar. During the Second 
World War, the church bells were silenced in 
Britain so that they might be used as^a signal in 
case of invasion. The church bell sounded the 
‘Curfew’ (q.v. Vol. X) in the Middle Ages, the 
signal for people to cover their fires and retire 
to bed— a custom probably introduced to Eng- 
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land by William the Conqueror. Until the 12th 
century it was a punishable on'cnce in England 
to be out after the curfew had tolled the sunset, 
and the bells w^ere still often rung at this hour 
\ ' iturics after the rule had ceased to be observed. 
1 . Oxford, Great Tom, the bell over the gatew’ay 
of Christ Church, still tolls at 9.5 p.m. every 
night, the normal time for closing the college 
gates, its hundred-and-one strokes representing 
the hundi cd-and-one original students of Christ 
(’hureh. {See also Bell-Ringino, Vol. IX.) 

The drum, a common instrument in ancient 
religious rituals, w^as probably also used very 
long ago as a signalling instrument. It has been 
so used in the Biitish army for some centuries. 
Side-dnmis, eylindiical drums with parchment 
at either end, were used in the infanliy, and 
kettledrums, druriLs with a rounded underpart, 
in the cavalry. From the special code of army 
drum signals arc derived such expressions as ‘to 
beat a retreat’, or ‘to beat a tattoo’. Drums 
were also used at sea; in the iSth and 17th cen- 
turies galley slaves rowed to the rhythm of drums. 
In British _men-of-war of the i8th century cer- 
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tain drum signals .were familiar, such as 'beating telephony, by which the captain can speak to 


to quarters*,, and the ‘ruffle* with which a senior 
officer was saluted when he came on board. The 
drum was also used to inform ships in com- 
pany of each other’s whereabouts during foggy 
weather. The ‘tom-tom’ of India and the ‘talking 
drum’ of Africa can be made to carry messages 
over long distances. The ‘talking drum*, some- 
times made from a hollow log, gives out a high 
note at one end and a low note at the other; 
sometimes two skin-topped drums arc used, one 
high in pitch and the other low. To cut a note 
short, the drummer places his hand over the 
opening in the log, or else flat on the skin cover, 
to stop the vibrations. Because water is a good 
carrier of sound, a drum is someL ncs placed low 
down near a river's edge. If the drum is placed 
over an anthill in which a hole has been cut, 
its hollow shape, like the belly of a violin, 
vibrates and increases the sound. The biggest 
African drums can be heard at a distance of 
about 20 miles; messages can be passed on by 
other drummers stationed at intervals. These 
messages are generally of a simple nature — 
perhaps to inform a village that a lion is raiding 
a neighbouring village, or that a certain farmer 
is urgently wanted. In villages where a talking 
drum exists, a code of signals with certain mean- 
ings is handed down by word of mouth from one 
generation to the next. This method of com- 
municating in bush or jungle is known as ‘the 
bush telegraph*. 

See also Fi.ao Sionallino, Lioin Signaiiing; Morsf 
Code ; Signalling^ Railway , Signs and Symboi s, 

SIGNALS (Aviation), see Navigation, Air. 

SIGNALS AT SEA. Formerly many merchant 
ships could ‘speak’ to one another only by shout- 
ing through a hand-trumpet or megaphone, or 
by hanging in the rigging a blackboard bearing 
a chalked message. Even to-day, some fishing 
fleets still use these methods. 

The Royal Navy from early days began to 
devise codes of signals for Flag Signalling by 
day, and Light Signalling by night. Both 
methods could use the Morse Code, while in 
daytime Semaphore signals (qq.v.) could be 
seen many miles away. 

All ships of any size now use Wireless (q.v.). 
Smaller ones, which do not carry a qualified 
wirelra operator, are often fitted wjth radio- 


other ships or to shore (see Speech, Transmis- 
sion of). Wireless signals of distress are preceded 
by the emergency call SOS, chosen because of 

its simplicity in Morse, . . . . ... Distress 

sig;nals arc transmitted on one wavelcng^th, 
and ships which have not sufficient wireless 
operators to keep up a continuous watch have 
an automat^ listening apparatus which rings 
alarm bells if a distress signal is picked up. 

SIGNS AND SYMBOLS have been used in 
many countries to communicate ideas by other 
means than speaking and writing. Some gestures 
are symbolic ; they may be simple ones like taking 
off one’s hat or saluting an ofliccr, or they may 
be elaborate like the gestures used in Mime (q.v. 
Vol. IX) or Deaf Languagf^ (H-v ). These 
gestures often differ from country to country; 
the Greeks, for instance, jerk their heads back- 
wards when they say ‘No*. The handshake as a 
symbol of friendship and the seal of a bargain is 
very old; the ancient Jews, Greeks, and Romans 
used it. 

Colours make convenient signs. Often the 
same colours have been used to express the same 
ideas among different nations. Red, foi instance, 
in the knots and beads sent as messages in ancient 
Peru and among the Trocjuois tribes meant wai 
or danger, just as^ red lights in modern streets 
mean danger. Black among the same peoples 
meant death or othci misfortune, as it did apiong 
the Egyptians and Roihans, and still docs to-day ; 
and white meant peace and innaccnce. Green 
usually expresses spring, youth, joy, or victory. 
Purple is the colour of kings, and yellow that ol 
traitors. In France, until modern times, the 
doors of traitors’ houses used to be painted 
yellow. 

Plants and flowers have their meanings. The 
ancient Greeks hung laurel outside a house to 
show that someone inside was ill. In the, i8th 
century Turkish women used to send long mes- 
sages, without touching pen or paper, by making 
up bouquets of flowers. In their language, 
flowers signified things with which their names 
rhymed. In the 19th century a conventional 
‘language of flowers’ was popular in Britain, 
France, and the U.S.A. Dictionaries and other 
books were published to describe the meanings 
of flowers. The violet meant innocence, and the 
marigold despair. Different colours and varieties 
cf rose had special meanings: the dog rose meant \ 
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‘pleasure mixed with pain’, the white rose full ol 
buds ‘se<iec>’, and the yellow rose ‘uifidelity’. 
Thus messages could sent to a sweetheart to 
show the sender’s feelings. Red roses were a 
declaration of love. 

Secret signs have often been used to < onvey 
to people information of a special kind. In 
Britain, until the early 20th century, begging 
tramps, who called from house to house to ask 
lor fqod, money, or clothes, used to leave marks 
un thf gate or wall of a house they had visited 
to indicate to other tramps whether the house- 
holder was likely to give charity or not, what 
excuse to offer for begging, whether here was 
an angry dog, and so on. 

Sometimes signs have been used as symbols of 
violence, lioting, and war. The Higjiland clans 
of Scotland used to be called to arms by a fiery 
cross, symbolical of fire and sword. It was a 
cross whose ends hltd been burnt and then dipped 
in blood. In violence between races in parts of 
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U.S.A. in modern time^Hhc fiery cross has been 
revived by the Ku Klux Klan {see Secret 
Societies, Vol. X). 

See also Signals. 

siMplon tunnel. 7 his tunnel, which 

crosses the Alps on the line between Lausanne 
in Switzerland and Milan in Italy, is the longest 
main-line railway tunnel in the world, running 
for 12J miles beneath the Simplon Pass (see 
Mountain Passes). It is the most important of 
the five tunhels which now pierce the Alps, 
making railv^ay travel possible through this 
great mountain range, formerly a barrier be- 
tween western Europe and Italy, which could 
be crossed only by roads through the passes. 

The first proposal for a tunnel under the 
Simplon Pass was made as early as 1857, but it 
was not until 1895 that agreement was reached 
finally between the Swiss and Italian Govern- 
ments, and work did not begin until 1898. 
Although the south end of the tunnel is in 
Italian territory, the agieement provided that 
the entire tunnel and its Italian approach from 
Domodossola should be a Swiss undertaking, 
and the Swiss Federal Railways still operate the 
Simplon line as far as Domodossola. 

The Simplon consists of twin tunnels, 56 feet 
apart at the centres, one for each direction. The 
one on the eastern side is the original tunnel, 
which was opened in 1906. The one on the 
western side was originally a pilot tunnel, much 
smallei, driven to help in the work on the mam 
ic nel. This pilot tunnel has been opened out 
tc all size to take a second track, a task which 
was begun soon after the openiiig of the mam 
tunnel, but was delayed by the Fust World War 
and was not completed until 1921. 

Making the tunnel was an extremely difficult 
engineering feat. About five miles from the 
northern entrance, where the tunnel is at its 
deepest, the temperature in the workings rose 
so high that to enable the men to continue work 
at all the rock at the working face had to be 
sprayer, with ice-cold water, specially pumped 
into the tunnel Underground streams li equently 
broke into the workings, flowing m at times at a 
rate of as much as 3,000 gallons a minute, and 
sometimes hot springs would break in, adding 
greatly to the problems of heat. At other points 
the work w^as slowed down and made dangerous 
by the kind of material through which the tunnel 
had to be driven: at one point, for instance, there 




was a pocket of micaceous lime schist, a kind of 
rock which, it disturbed, will thrust in all direc- 
tions as if it were a liquid, and which exerted 
such enormous pressure on the structure of the 
tunnel that powerful steel reinforcements were 
liable to be bent by it. Because of this no less than 
7 months were spent over only 13S feet of tunnel. 
At this point the masonry lining is now reinforced 
permanently by a series of extremely strong 
curved steel internal girders. 

The original tunnel, with the pilot tunnel, 
cost a total of 86,720,000 Swiss francs. The pilot 
tunnel was connected with the main tunnel by 
small passages from the sides, at intervals of 
220 yards, and was used for pumping cold air up 
to the working faces, and water for the drills, as 
well as carrying out of the tunnel the water that 
broke in at many points. Enlarging it to full 
size was, of course, a much simpler and less costly 


task than that of building the original mam 
tunnel. 

See also Tunnfm. 

See also Vol. VII 1 . 1 UNNFI I INO. 

SKI, see Snow and Ice Travel. 

SLANG. This is the name given to words, \yord- 
usages, and phrases found only in loose, collo- 
quial lang2iage, and not in standard speech or 
writing. The words used in slang may them- 
selves be new; but they are very often substitutes 
for, or variants of expressions already in the 
standard language. 

We use sl^ng for all sorts of reasons, sometimes 
‘for fun’ ; sometimes because it seems picturesque 
or concise; sometimes to avoid the ordinary 
word, as when we say ‘Adam’s ale’ for water; 
and sometimes because it seems to express our 


feelings better than more dignified language. 
We arc more likely to use slang when speaking 
to friends and acquaintances than when address- 
ing strangers or superiors; for it is essentially a 
casual and ihtimalp form of speech. We might * 
describe it as language in its shirtsleeves: it is 
informal, without necessarily being faulty. 

There are numerous varieties of slang, and its 
sources arc endless. Groups of people w ho have 
common interests tend to create their o\vn slang ; 
and since most people belong to more than one 
such group, some of the slang of each group 
comes into general use (though its precise, 
original meaning may weaken), while the rest 
remains known only to a few people. The main 
groups arc: 

1. Gipsies, and thieves, and tramps who do 
not wish the outsider to understand all they say. 
Some of the earliest European slang words we 
know arc of this kind, and a few have come into 
general slang use: ‘pal’ which was originally a 
gipsy word for ‘brother’, ‘quid’ wliich was used 
a.s far t>ack as the 17th century for ‘guinea’ or 
‘sovereign’, ‘bob’ for a shilling, and ‘tanner’ for 
sixpence. 

2. Trades and professions, especially theatrical 
and military. I'his slang must be distinguished 
from technical terms used in the trade. Military 
slang tends to come into general use in times of 
war. For example, in the Second World War 
the slang expressions ‘browned off’, ‘pranged’, 
and ‘shooting a line’, which were originally used 
by the R.A.F., were spoken by all kinds of people. 

3. Schools ahd universities. Here slang per- 
haps develops partly in reaction to the more 
precise speech of teachers and lecturer's. Some 
Public Schools have a slang of tlicir own: it was 
Ifom Rugby that the habit of abbreviating w ords 
and adding -er spread to Oxford, producing 
words like ‘brekker’, ‘toggers’, and ‘rugger’, the 
last of which is now generally used for Rugby 
Football. 

4 * Fashionable society or sections of it. This 
slang tends to consist of meaningless phrases that 
can be used to keep conversation r nng, for 
example: ‘Oh I say’, ‘don’t you know’. 

5. Family slan^. Most families evolve a small 
vocabulary of their own, which will include 
names and phrases mystifying to otlu^ people. 

All these groups have their own peculiar ways 
of coining slang: Cockney costermongers, for 
example, used to be fond of ‘back slang’, which 
jeonsists' in uronouncins words backwards, as 


419 SLANG 

‘ccilop’ for ‘police’. Rliyniing slang, such as 
‘trouble and strife’ for wife, ‘plates o]’ meat’ for 
feet, ‘Oxford scholar’ for dollar, is said to be 
Cockney in origin ^though it is also found in 
Australia and America. 

The slang of almost all groups has certaig 
common tendencies. It makes light of a serious 
or tragic situation, or refers to It by paraphrase. 
Thus a man who dies is said to ‘go west’, or ‘kick 
the bucket’ or to have ‘gone for a Burton’ (all of 
which phrases arc now used by speakers unaware 
of their original meaning). In the same way the 
dangerous flying bomb of the Second World 
War became known as a ‘doodle-bug’. 

It identifies objects or institutions with wtII- 
known persons, 'llius policemen were at first 
know^n as ‘bobbies’ or ‘peelers’, after Sir Robert 
Peel, who established die modern police force. 
']‘he first name survives to-day. ‘Belisha beacons’ 
commemorate the Minister of Transport who 
introduced them. 

It gives a new meaning to a common word. 
Tims ‘bacon’ comes to mean ‘body’, as in the 
plirase ‘to save one’s bacon’ or ‘skin’. 

It uses a w'ord of precise or powerful meaning 
in a context w here it cannot carry such a mean- 
ing; so that the word becomes dcba.scd‘ and 
weakened, fur example ‘nice* which formerly 
meant amongst other things, ‘delicate’, ‘precise’ 
— a ‘nice’ judgement meant a finely discrirninat- 
ing judgement. The adverb ‘nicely* merely 
means ‘well’; ‘terribly’ and ‘aw'fully’ have now 
b. roine mere eqnivalents to ‘very’, as in ‘awfully 
gl you came’. Slang delights in abbreviations: 
the nols (holidays), the High (Street), the Raf 
(R.A.F.), the Wrens (W.R.N.S.). It invents 
grotesque parodies of high-sounding words such 
as ‘rumbustious’. 

Languages borrow each other’s slang, just as 
they borrow more respectable words In the 
last 100 years America has been especially 
prolific in slang, partly native, partly adapted 
from the speech r.f emigrants from Europe; and 
some words that began as American slang are 
now ii. common use in English — ‘bunkum’, 
‘stunt’, ‘movies’, or ‘talkies’. Several words of 
Australian slang, too, are by now familiar to us, 
such as ‘to barrack’. 

In view of the vividness and conciseness of 
much slang, it may seem pedantic to consider it 
as separate from and inferior to Standard Eng- 
lish (q-v.). To be sure Shakespeare used words 
that were doubtless slang in his day, thoxigh-wc 
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do not always recoghizf them as such now ; and 
other words that were once certainly slang are 
now used in serious writing, for example ‘mob’ 
(from mobile vulgus)^ which Swift thought a 
‘vulgar’ word ; ‘hoax’ (from hocus-pocus) ; ‘prig’ 
(priginally a person overscrupulous about dress) ; 
and ‘joke’. To take an example from another 
language, French tete^ meaning ‘head, is from 
Latin slang testa^ meaning a pot. But compara- 
tively few slang words change their status in this 
way, though there are many borderline cases 
This is partly because slang words arc often 
intentionally grotesque in sound c?r appearance,' 
and partly because slang that does become 
generally used is often applied so loosely or is so 
overworked that people become drcd of it. 

Sec also Dialects; English Language. 

SLAVONIC LANGUAGES. The group of lan- 
guages and dialects known as Slavonic belongs 
to the Indo-European (q.v.) family, of which, 
with the Baltic Languages, Lithuanian and 
Latvian (or Lettish) spoken by the inhabitants 
of Lithuania and Latvia, it forms one of the 
main divisions. Some 200 million people 
speak these languages, w'hich include Russian, 
Polish, Czech, and others. They are all de- 
scended from the same language, Common 
Slavonic, whicli probably broke away from the 
main Indo-European family before Christian 
times. Slavonic languages have many charac- 
teristics in common: their nouns and adjectives 
are highly inflected (that is, they show very many 
different endings according to their functions in 
the sentence), Russian and Polish having as 
many as seven cases. They have few tenses, but 
their verbs preserve an ancient distinction called 
‘aspect’ between actions thought of as finished 
or limited in time, and those which are regarded 
as continuous {see Language Structure). They 
also use varied changes in the final syllables to 
produce subtle shades of meaning: Russian 
Vasili ‘Basil’, for instance, may also take the 
forms Vaska^ Vasya and Vasyertka^ to show changes 
in the attitude (affection and so on) of the 
speaker. 

There are two principal Slavonic alphabets 
to-day, the Cyrillic and the Latin {see Alphabet) . 
Cyrillic (named after St. Cyril) was based on 
Greek letters as used by St. Cyril and St. 
Methodius when they converted some southern 
Slavs in the early Middle Ages. It has remained, 
with some modern changes, the methpd of writ- 


ing for languages' of all those Slavonic peoples 
Ivhose Christianity and culture came from the 
Greek civilization of ‘’medieval Constantinople, 
directly or indirectly {sSe Orthodox Eastern 
“Church, Vol. I). East Slavonic languages, such 
Russian, all use it, and the Russi&ns have 
applied it to many non-European languages in 
the U.S.S.R. The West Slavs, ^uch as the Poles 
and Czechs,^who came to accejit Christianity and 
culture through Catholic Latin-using teachers, 
write their languages in adaptations of the tatin 
alphabet. In the Balkans, Serbians and Bul- 
garians use Cyrillic, while the Croats (whose 
language is practically the same as Serbian) , and 
the Slovenes write in Latin characters. Russian, 
with its 32 letters of the alphabet, is able to 
express its sounds roughly according to a rule 
of one sound, one letter, with a fairly consistent 
phonetic spelling; whereas Polish finds it neces- 
sary to use many complex-looking groups ol 
letters and marks to express some single sounds. 
Czech has the most practical Latin alphabet. 

Apart from the differences in the alphabet, the 
following are some of the characteristics which 
distinguish one Slavonic sub-group from another: 
Polish has fixed the word-stress on the last 
syllable but one, and Czech largely on the first ; 
Slovene has kept a good deal of the old dual 
number of nouns (that is, a special form for 
a pair of things)*; Bulgarian has .considerably 
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khayr (kh) 
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bookee (b) 

6 

f^uttural as in ‘locii’ 


vaydee (v) 
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tsee (ts) 
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3 

(as in ‘AsHCHun li') 


eeshay (i) 

H 
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meesslaytQy (m) 
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a (e initial) 
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on ( 0 ) 
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(as in Exiciul, Epir) 
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you (iou) 

(as English ‘you’) 
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(not TH in Russian) 
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now obsolete. 
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simplified its various grammatical endings, but 
has developed a definite article (equivalent t5 
English ‘the’) added after*its noun. 

Russian, the most Important Slavonic lan- 
guage, beloilgs to the East Slavonic group. It is 
divided JVito Great Russian, or Russian propq^, 
spoken by about loo million people, and centred 
in Moscow; Ukrainian, or Little Russian, a lan- 
guage spoken in\ tfie Ukraine, of which the 
capital is Kiev ; and White Russian , centred at 
Minsk, and now often called Byclo-Russian to 
avoid confusion with White Russian as a political 
term. About 40 million people speak either 
Ukrainian or White Russian; of the two. White 
Russian is less distinct from Russian proper. A 
kind of Little Russian, or Ruthenian, is spoken 
by about 10 million people in Ruthenia. 

Russian differs from the other Slavonic lan- 
guages in several ways. Its word-order is very 
free, and its sentence construction simple. It is 
very rich, and new compound words are readily 
formed by joining already existing words (such 
as praimlavny ‘orthodox’, made from praio and 
davny wliicii are direct translations (j1 the Gieek 
words orthos ‘straight’ and doxa ‘opinion’). 
Russian also includes a few words of Turkic or 
Tatar origin, from early Asiatic invasions. That 
Russian is an Indo-European language, as is 
English, can be seen by comparing similar words 
in the two languages, such ,as hot, ‘cat’, gus 
‘goose’, sestra ‘sister’, syn ‘son’. 

Rus^sian has absorbed some words from Ger- 
man, French, and even English since the i6th 
century: it uses certain technical term., which 
arc common in Europe*, but it has otheiwise 
remained strictly Slavonic. 

Polish, Czech, and Slovak belong to the West 
Slavonic group. Polish is spoken by about 25 
million people, Czech by 8 million, and Slovak, 
which is closely related to it, by about 3 million. 
Another language of the West Slavonic grojp is 
Wendish, spoken by about 100,000 people in 
districts* on the Spree near Berlin. 

Russian, Polish, and Czech have each a litera- 
ture of European importance; and the influence 
of Russian classical literature and tha of the 
new Soviet way of life, combined with the fact 
that Russian is the official language for the vast 
U.S.S.R., make Russian one of the great lan- 
guages of the world. 

Other Slavonic languages, Serbo-Croat, 
spoken by about 12 million, Bulgarian by about 

7 million, and Slovene by about i ,500,000, with 

* * 
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mixed dialects ol Slavonic parts of Macedonia 
in Yugoslavia, togcdier make up South Slavonic, 
which is the meaning of Yugoslav. 

See also LANGUAor SiKucriTHi. 

Sec also Vol. I: Russians, J*olls; C/i ( iiosi (A aks, 
Yi)(.osi Avs; Bui garians. 

SLEDGE. The earliest form ol vehicle used by 
man before the Wheel (q.v.) was invented was 
the sledge. Piobably in very early days the 
hunter found that if he put his kill across a 
br < ch torn lioin a tree, he could drag it home 
mo * easily. Later he would begin to shape the 
branch, or to lie two branches together and bend 
up the front to make them slide easily over the 
rough ground. When he had fixed cross-pieces 
between his branches and attached leather thongs 
for pulling, he had formed a primitive sledge. 
Sledges, we know, were used in ancient Egypt 
for transporting the huge stone blocks for ercct- 
ing pyramids, temples, and other buildings. 

Even when the wheel was invented and 
generalh, used for vehicles, the sledge was still 
used over surfaces such as deep snow, where 
wheels would sink and stick. In Canada and 
Alaska dogs haul the sledges of trappers, pro- 
spectors, and traders. Timber, also, is often 
carried on heavy sledges in the winter. In 
northern Europe and Asia, particularly in Lap- 
land, sledges are drawn by reindeer. In Russia 
a sledge called a ‘troika’ is drawn by three horses 
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abreast In Switzerland and othci mountainous 
districts the sledge is used to c airv food and fuel 
It IS used also, of course, on Polar expeditions 
lor transpoiting equipment 

Sledges aic also used in hot rouiitiies ovei soft 
ground where wheels might stick In Siam a 
sledge like a wooden platloim mounted on bam- 
boo runners is drawn by water buffalo horn the 
rice-fields to the village Sledges on hcavv 
wooden runners are drawn by oxen or by men 
over the cobbled stiects ol Madeira, for the 
runners of the sledge tiavel more smoothly on 
the cobbles than do the wheels of a cart 

See also Snow and Irr rRA\Ei Blssts or Btikoin 
S<CalsoVol 1\ lOBOC.f.^MNC 

SLEEPING-CAR, see Rahway Coachi-s, Sec- 
tion 4 

SLIP-COACH, see Railwax Coachls, Sec- 
tion 7 

SMUGGLERS, see Vol X: Smugglers 


SNOW AND ICE TRAVEL. 1 he lia\cllci on 
snow and icc has not onlv to contend with 
extic me c old, ioi w hic h he it ([lines spec. lal w ind- 
proot clothing, but .ilso v\itli the difficulties ot 
the sulfate over winch he is tia\ tiling which is 
usual Iv very soft, very slippei\, or both, he mav 
even be on floating it e * His piohleni is to avoid 
cither sinking into siunv or fiieaking thiough it t 
He theieloie has to use devices loi sprc.iding the 
weight of himself and his goods ovci a large ait a, 
so that the chances of sinking in oi bicaking 
thiough are reduced 

Travel over sikjw and ice has been earned c^n 
by Lskimoes, North American Indians, I ap[is, 
and cjther lubes ol nor them Fanope and Asm 
lor centimes, and all have evolved then own 
methcxls of osercoming the difficulties In open 
regions where the snow tends to be iclativeh 
hard, sue h as the lands of the Lsmmc^is and sonic 
ol thcSiiu RIAN Pi oi»i PS (c[(j V Vol I),thepet)ple 
wear soft sealskin boots to keep them warm Ihit 
m regions where the snow is very dt'ep and soil, 
they have to wear sfiec lal footgear to prevent 
then sinking into the snow 1 he Amprkax 
Indians of the ncjrth (q v. Vol I), who live mostly ^ 


in thickly wooded country, wear snowshoes, 
which consist of bent wood frames with a net- 
work of raw-hide thongs* the shoe being suffi- 
ciently wide to spreadf the weight well. 

The LAP^s (q.v^. Vol. I), also inhabitants of 
wQodedVountry which is under snow for Ic^g 
periods of the year, have developed a long, nar- 
row, wooden shoe or ski, which slides easily over 
the snow, in plack of the broad snoY^shoe, which 
has to be lifted from the ground at each step. 
.These skis give the Lapps considerable speed, 

. which is important to a people who live by 
herding reindeer. Skis are used, not only for the 
sport of Ski-ing (q.v. Vol. IX), but also as the 
normal way of getting about in lands, such as 
Norway or Switzerland, where soft deep snow 
usually lasts for a long period ixf time. In such 
countries children often go to school on idds, 
instead of bicycles. Skis arc also used on expedi- 
tions into Poi AR Regions (q.v. Vol. III). Skates, 
on the t)ther hand, have never been used as a 
means of travelling across ice by primitive people, 
largely because the ice is usually too rough. 
They were developed, however, by the Dutch, 
who used them in Holland on the large areas of 
inland water which become covered witli smooth 
ice in the winter. Now they are used almost 
entirely for the sports of Skating ind Ice 
Hockey (qq.v. Vol. IXj. 

Wheeled transport is impracticable over snow 
and ice, and other methods have l)eeii developed. 
Probqbly the most primitive arc tlie flat- 
bottomed toboggans of the Red Indians and the 
boat-shaped pulkas of the Lapps, both vjf which 
spread the weight of the*load ov<‘r the surface of 
soft snow. The Eskimocs lift the load off the 
ground on a Sledge (q.v.) with two separate 
narrow runners w'hich are often shod w ith bone. 
Modern polar expeditions usually use sledges of 
the Eskimo type, wnth either broad wT)odcn 
runners, or narrow sleel-.shod ones, according 
to thft kind of surface expected. In some con- 
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A r ABRADOR TRAPPFK WFARINO SNOWSIIOPS 

lion 5), dogs and reindeer being the most com- 
mon. In recent years mechanical transport w'ith 
caterpillar trac ks has been increasingly used w ith 
considerable success. 

"T ravel in polar and other snow' and ice-bound 
n ons has been revolutionized in modern times 
by .nc use of aeroplanes and by the invention of 
radio communication. ^ Inch more is now known 
about suitable clothing, tents, stoves, and the 
kind of food necessary to keep the traveller warm 
and healthy. The explorer no longer runs the 
same risk of disaster w'hirh befell expeditions of 
eu) lier times. 

Sre also Bi asts 01 Bi rdln, Section 5, Slldoe. 


ditions *the sledge runs better if the runners are 
kept scraped clean, while in other conditions 
friction can be reduced if a layer of ice 's allowed 
to form on the runners; occasionally, at very 
low temperatures, the runners grip the icc better 
if they arc covered with a layer of ice mixed 
with mud, or even something like jtorridge or 
blood. 

Different draft animals and various methods 
of hauling vehicles over snow and ice arc used in 
j diffet^ent regions {see Beasts of Burden, Sec- 


Sre abu \’c)l IX . .Sk Ski-ing, Tohogc, wino, 

SOVEREIGN OF THE SEAS, THE. This 
three-masted ship as launched at Woolwich in 
1637. She was built by Phineas and Peter Pett, 
father and son, members of a distinguished family 
of shipwTights. She is said to be the first three- 
decker, or ship mounting three complete tiers of 
guns, 104 in all, on decks one above the other; 
but this is disputable. It is certain, however, 
that she w;as a ship notable for her very la'ush 


National Mantonr Museiit 

THE ^SOVEREIGN OF THE SEAS’ AND HER BUILDER, PETER PETT 


Probably paintrd in 1659 

ornamentation A certain Peter Munday wrote 
in 1639 ‘Her head, waist, quarter, and stern is 
so largely enriched with carved work overlaid 
with gold that it appears most glorious even 
from afar, especially her spaaous lotty stern, 
whereon is expressed all that art and cost can do 
in carving and gilding ’ She was itcered by 
tackles on the tiller and the helmsman was 
directed from above through a voice-pipe Her 
cook-room was in the hold, ‘the work therein 
done by candlelight’ To pay for her, Charles I 
in 1634 had revived an obsolete power of the 
Crown to impress ships for naval service from the 
seaport towns, but instead of ships he asked for 
money, and he also approached the inland 
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towns Ihis was the celebrated Ship Moniy 
(q V Vol X), and John Hampden’s icfusal to pay 
and subsequent trial played its part m bringing 
about the Civil Wais which lost King Charles 
both his crown and his head 

The Sovereign of the Seas saw service at tne 
battle of the Kentish Knock in 1652, when the 
English fleet, commanded by Admiral Blake, 
defeated the Dutch off the mouth of the Thames 
The ship was rebuilt in 1659 and again in 1684, 
and was accidentally burnt at Chatham in 1696 
See Ships, Sailing 

SPANISH AND PORTUGUESE LAN- 
GUAGES. These are two closely related Ian- 
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guages which arc descended from Latin, and 
therefore belong to the group known as tMfe 
Romance Languages (^q v.); Both include 
many Arabic words \Vhich have stayed in use 
since the tihie when the Moors (q.v. Vol. I)* 
dojninated Spain, from about the 8th to tjie 
15th century. 

Spanish is spoken^by about 1 1 5 million people : 
27 million in Sp 3 kin, and the rest iji the former 
Spanish colonies of Central and South America. 
Mixed with local and Malay words, it is also 
spoken by many people in the Philippine Islands 
in the Pacific Ocean, which were once colonized 
by Spain. There are various dialects, ranging 
from those in north-west Spain which resemble 
Portuguese, to those in the east which are more 
like French and Proven(,al. The standard lan- 
guage of Spain is Castellano, or Castilian, the 
language of the province of Castile. In sound it 
is very .like Italian (q.v.). It has a strong ‘r’ 
sound, and a sound like the Scottish ‘ch' (v/ritten 
‘j’ or ‘g’). One letter characteristic of Spanish is 
'h’ like the letters ‘ni’ in the English word ‘onion’ 
similar to 1 icuch and Italian ‘gn’. As in many 
European languages, nouns are either masculine 
or feminine in gender; and as in Italian, many 
masculine words end in ‘o’ and many feminine 
ones in *a’. The spelling of Spanish is very 
simple, for almost every letter corresponds to one 
sound only, and vice versa. JSpanish is studied 
in most British universities and in many schools, 
mainly for its value in trade relations w^ith 
South America, but also for its literary impor- 
tance. Among the best works written in Spanish 
is Don Qiiixote by (’lrVv^ntls (qq.v. Vol. V). 

Portuguese is spoken by about 8 million people 
in Portugal, and 46 million in Brazil, which was 
for a long time a Portuguese colony. Forms of it 
arc spoken in parts of Africa, such as Guinea, 
Angola, and Mozambique, and parts of Asia, 
such as Goa in India and Timor in the East 
Indigo, which are or were once under Portuguese 
domination. It contains many sounds \\ arc 
not in Spanish, including certain iiasul vowels, 
a, 6, and so on. About hall a million i^eoplc in 
the north of Spain speak the Ba.sque i^nguage, 
which, as far as is known, is not related to an> 
other language. 

Sec also Language Structurl. 

See also Vol. I: Spaniards, IV^rtlolese. 

SPEECH. Speech h the most important, though 
not Ae only means by which men communicate 


their thoughts and Ic^rigs . to each other. 
Whistling, gestures like shrugging the shoulders, 
Signals (q.v.) like church bells or traffic-lights, 
are other ways. Indeed, we may think of speech^ 
as^the act of making a signal by means of the 
breath, tongue, teeth, vocal cords, and the nose 
and mouth passages. So great a variety of 
distinct sounds can be produced by these organs, 
acting on messages from the brain, that any 
other* system of sending complex ‘signals’ seems 
inadequate when compared with speech. Wrii- 
ING (q.v.) is Smply a way of representing speech 
in the absenc<& of a speaker. 

Speech would not* exist if we did not feel the 
need to communicate to others our thoughts and 
feelings. Many kinds of animals communicate 
with each other: birds and monkeys, for examj)lc, 
give warning and courting cries, and some, such 
as the parrot, can imitate human sounds. But 
there is no evidence that any animals can, of 
their own accord, make special sounds to 
dcsci'ibc particular objects. Animal sounds are 
instinctive, and only very general meanings can 
be attached to them: they are not the same as 
words {see Animal Language, Vol. II). 

Many early myths give explanations of how 
man learned to talk; and philosopher^ and 
scholars still differ among themselves on this 
subject. For no one can be certain how speech 
began, or how primitive speech wjis related to 
the sounds and gestures of animals. It has been 
suggested that speech as we now know it began 
o.ily after the lai ynx in the throat had developed 
ii rce-climbing animals, whose climbing ges- 
tui ‘S were accompanied by regular emissions of 
breath, or interjections. But interjections ol this 
kind would be involuntary, whereas human 
speech has a definite purpose. Some scholars 
believe that gesture w as the first means of com- 
munication, and that words, or sentenees, wTre 
originally ‘mouth-gestures’, w hich at first accom- 
panied and in some way imitated ‘hand-gestures’, 
andlatci replaced them. But there is no evidence 
that gestures developed before sounds. Chim- 
panzef , it is true, use gesture to cxpi ess emotions, 
but never to indicate objects: unlike human 
beings they have no wa> of making statements; 
and though they may react to signs accompany- 
ing speech or to tones of voice, they do not under- 
stand human speech alone. Other scholars have 
held that primitive speech w^as an attempt to 
imitate directly the action, object, or sensation 
that the speaker was describing. But even in the 
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most primitive Iangi!lia^s, imitative words make 
up only a small part of the vocabulary. In fact, 
no known language gives us more than a faint 
'clue as to what the very earliest speech was like; 
so that it is impossible to prove any of thpsc 
theories. 

Whatever its origin, we can be reasonably sure 
that speech did nbt develop until men began to 
live in communities and to act together. But it 
is not clear how certain sounds came to repre- 
sent always particular objects or to have certain 
values. ‘Giving things names’ is one way of 
describing this stage of development. But if we 
use this phrase, we must remember that in the 
earliest languages there was probably no distinc- 
tion between nouns and other vords: just as in 
at least one language still spoken — Malayan -- 
it is not always easy to say when a word is noun, 
verb, or adjective {see Indonesian Languages). 
At the very beginning all words possibly had 
some kind of inflexion or special ending to show 
their function in the sentence. Thus ‘primitive’ 
languages were probably not primitive in struc- 
ture: Bantu, one of the most primitive languages 
now known, has some twenty classes of nouns. 
Indeed, it is in some ways misleading to describe 
these. early languages as primitive: they were 
probably adequate and suitable for the kind of 
society in which* they were first used. 

At first the connexion between things and 
their ‘names’ was felt to be so close that the 
names were credited with a certain magical 
power, just as in some societies a child named 
after a famous ancestor is thought to be given 
some of that ancestor’s qualities. Amongst primi- 
tive peoples, when so much in nature w'as un- 
known and mysterious, words, especially if used 
in incantations, probably had a great magical 
significance; for example, a god’s name was 
thought of as part of him, and if, when praying 
to him, the right name was not used, the prayer 
would be thought ineffectual {see Spells and 
Incantations, Vol. I). 

The discovery that everything can^be given a 
‘name’ must have been as decisive in the history 
of mankind as it was in the life of Helen Keller, 
the blind, deaf-mute girl who, at the age of seven, 
suddenly began asking, by the use of the finger- 
alphabet, the name of everything she touched, 
and then ceased to use signs. {See Deaf Lan- 
guages.) The next step must have been to learn 
that one can use various words to express the 
same object, that is, to learn that \vords are 


simply symbols. It was probably not till much 
ikter that men began to find names to describe 
whole classes of things or actions (‘animal’; 
‘moving’) or abstract qualities (‘rednes ’ ‘ 
ness’) . 

fiec also Language, History of; Names. 

SPEECH, TRANSMISSION -OF. A- Spoken 
sentence — ‘iVir. Watson, come 4 iere; 1 w'ant you’ 
— was the first ever heard by electric mejins. 
The words were spoken over a length of a wire* 
in 1876. This was the climax of 40 years* of 
effort to find a way of electrically conveying 
Sound (q.v. Vol. III). 

During those years inventors in many coun- 
tries claimed to have made ‘electric speech’, and 
in 1861 a German experimenter, Philip Reis, 
came near to producing the first telephone. A 
knitting-needle, an animal membrane, some 
sealing- w'ax, platinum, and a violin were some 
of the olyects he used; but, though he could 
transmit sound of constant pitch, he could not 
send speech. 

The man who succeeded in i87() was Alex- 
ander Graham Bell, a Scot whose family had 
emigrated to Boston, Massachusetts; it w^as there 
that he invented the telephone. 

His apparatus, though primitive, had all the 
elements of to-day’s instrument. Ills ‘micro- 
phone’ was a hofn-like speaking-tube, at the 
narrow end of which was a flat disk, or ‘dia- 
phragm’. This, as the sound waves from the 
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From an exhibit in the Soienre Miinrum, T.oiiclon 


427 SBEECH, TRANSMISSlfoN OF 



A PROGRAMME ENGINEER IN A LISTENING CUBICLE 

The engineer controls the trai ^ nlssion from the studio 


voice Struck it, vibrated in sympathy with the connecting wire. He realized then that not only 
waves, setting up variations of electric current dots and dashes but lilelike sounds might be 
(supplied by a battery) in an electro-magnetic passed over the wire. 

coil. These variations were then carried over From then on, experiments were made on 
the connecting wire, at the other end of which both sides of the Atlantic. Among those who 
was a receiving apparatus exactly like the trans- contributed most were the American inventor, 
mitten Vibrations in the diaphragm of this Thomas Edison, and an English professor, D. E. 
receiver caused sound-waves in the air which Hughes, whose, experiments with early micro- 
were very like those caused by the human voice, phones greatly improved the quality of speech. 

Bell made his successful experiment in a noi.sy Hugb» s (the first to use the word ‘microphone’) 
electrical workshop, he being in an ^ lie-room, had found that a loose contact in a telephone 
and Watson, his assistant, in the basement. This circuit made sounds corresponding to any vibra- 
followed an experiment in the previous year tions affecting the contact; on this principle he 
when, in trying to work out an idt;^ for trans- invented the lirst carbon microphone — one of 
mitting many dot-and-dash telegraph messages the principal types in use to-day. 
oyer one wire at the same time, he heard on While speech comm\mication over wires was 
his instrument a twanging sound, accidentally itself being developed, scientists were working 
cauftd by his assistant at the other end of their on the idea of taking the human voice h'om^bne 
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place to another withcffit wir^s, and by 1888 a 
crude form of wireless speech communication 
up to 2 or 3 miles was demonstrated by Bell and 
'Edison in America, Sir William Precce in Britain, 
and others. Something more was needed, and 
the answer came with the development of Wire- 
less Telegraphy (q.v.). But before telegraph 
methods could bef used to carry speech, many 
questions had to be answered, such as how to 
produce from the transmitter continuous ‘carrier’ 
waves to ‘carry’ speech; how to ‘modulate’ them 
— that is, superimpose speech-waVcs on the 
carrier; and how to amplify the \t'eak currents 
set up by the impact of the voice on a micro- 
phone. 

There were notable developments even before 
those difficulties were overcome. Soon after 1900 
an American professor, R. A. Fessenden, had 
used wireless waves to carry the human voice 
over a distance of a mile, and in 1906 he trans- 
mitted speech and music over a distance of 
25 miles — thus staking a strong claim to be 
regarded as the first broadcaster. The following 
year he increased the range of communication 
to 100 miles. By 1910 the wireless telephone 
had spanned 500 miles. 1 echnical shortcomings, 
however, were still so serious that the practical 
range of communication was not expected to be 
more than 100 rhiles or so. 

The British professor, Sir Ambrose Fleming, 
made widespread speech possible when he in- 
vented the Thermionic Valve (q.v. Vol. AITI) 
in 1904. This was like ah ordinary electric-light 
bulb, but with a third wire sticking into it, and 
was intended to provide a more sensitive device 
.for detecting wireless telegraph waves. Dr. Lee 
de Forest in America improved it, but it was still 
regarded merely as a device for receiving tele- 
graph signals. Later the valve became the means 
of transmitting ‘continuous waves’, which greatly 
added to the distance telegraph signals could 
travel ; it also amplified very weak signals which 
reached a receiver. Many year? went by before 
its marvellous resources were fully known, and 
the valve was used to ‘modulate’ wireless waves, 
or to impress on them the characteristics of 
speech. Then, in 1915, a transmitter fitted with 
hundreds of valves was set up in Arlington, 
U.S.A., and succeeded in speaking to Paris, 
3,500 miles away. Foi the next few years similar 
experimental transmissions were carried out on 
both sides of the Atlantic. 

Long wave-lengths up to 6,000 rncjtres were 


used because they were thought to be the best 
fdr long distances; but by this time the usefulness 
of the Short Wave (l^.v.) was being explored, 
and in 1921 they were u^ed for two-way tele- 
phony between London and Amsterdam. In 
19^4 came the first transmission of spedfch from 
England to Australia. In 1926 a two-way tele- 
phone service was opened between Londcxfi and 
New York, and the first station^ set up in a vast 
network by which the member-nations of the 
British Commonwealth might speak to one 
another. 

Already, in the early 1920’s, the great step had 
been taken from wireless telephony to broad- 
casting {see Broadcasting, History of). The 
methods of that time became standardized, but 
before broadcasting had been in use for 20 years, 
one of its big limitations became clear. Since 
transmitters and receivers all over the world 
were based on the same technical principles, it 
was found to be hard to introduce any radical 
improvement. If broadcasting methods were 
changed, it would take some years to replace all 
the receivers. During that time, unless many 
listeners were to be cut off from radio, the B.B.C 
and other corporations would have to double 
their transmission plant and broadccist all their 
programmes on both the old and new methods. 
Engineers had to face this problem with the 
development of frequency modulation {see Wiri*.- 
LESS, Vol. VIII). This is a method of broadcast- 
ing, or radio-telephony, which greatly improves 
the quality of voice or music, and reduces back- 
ground noise and other blemishe's. Hundreds 
of ‘F.M.’ stations are Kroadcasling in U.S.A., 
where there are many radio corp(»rations for 
listeners to choose from. ‘F.M.’ is also much 
used for private wireless, as in police patrol cais 
{see Telephone, Mobile). But the equipment 
of most of the world’s main broadcasting systems 
continues to be based on the older principle, that 
of ‘amplitude modulation’. 

See also BROAncASTiNG ; 7 V.i.kphone Service. 

See also Vol. VllI : Wirllfs.s. 

SPEED. Until man learnt to fly, little was 
known of the effect on the human body of move- 
ment at high speeds. When railways were first 
being built* it was feared by some people that 
to travel much faster than the speed of a horse 
would be injurious to health. All modern trans- 
port, and particularly flying, has taught man 
much about the effect of fast travel on tho budv. 
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me tjpccd of many modern aircraft is over anti-gravity trousers ha'^c beehTTPVised to stop 
500 miles an hour, yet no matter how great t^e the blood pooling in the legs and so prevent 
speed of flight, even iHaster than sound, it is not blacking-out happening to fighter pilots during 
felt, provided that it is uniform, that there is aerobatics. 

full piotection agg^inst the force of the wind, and ^ee also AnROBArii.s; I iK.H-AiarruDE V'moht. 
that there arc no passing objects to give vis^ial 

clues. The earth rotates round its axis at over SPEED RECORDS, RAILWAY, RailwAy 
600 ThHes per l^tni^ in Britain (1,034 m.p.h. at Speed Records. 
the Equator), and revolves roun^l the sun at 

£^00 m.p.h. : all that we experience is the force SPELLING. The object of alphabetic writing 
of gravity holding us down to the earth. is to represent the sounds of speech (see Alpiia- 

“^-We do, however, feel acutely any changes in bet). Ideally a reader should be able 10 pro- 
speed or direction if they are sudden; a passenger‘s nounce any 'word accurately at sight, and 
may stand safely in a moving bus for a long time, writer should be able to spell any word correctly 

but he will be thrown off his feet by any sudden once he has heard it. This ideal would be pos- 

increase or decrease in the speed of the bus, or a sible only if the alphabet had one separate 

sudden turn to left or right; in the same way, symbol for every distinct sound, but — excej)t for 

one may drink a cup of tea without spilling it the International Phonetic Alphabet which is 

while sitting in a fast-moving express train, but too unwieldy and unfamiliar for ordinary use — 

a slight nudge from someone’s elbow will spill there is no such alphabet in existence. I'he 

the tea. This illustrates Newton’s First Law of Roman Alphabet which is used throughout 

Motion (cj.v. Vol. Ill), by which any object, Europe has evolved during the course* of ccii- 

whetb'^*" at rest or moving, will stay in that turies, being adapted to suit different languages, 

condition unless something forcibly changes its As it contains too few letters for all the sounds of 

position, speed, or direction. Acceleration or speech, many sounds have to be represented in 

deceleration, acting on a man or an aircraft, is other ways; often one letter is given several 

expressed in terms of the force of gravity (g), different sounds, which are indicated in many 

which causes a body to have weight (iftfORAViTA- languages, such as French and German, by 

TiON, Vol. III). A force of 6 ‘g’ will cause a body accents and other symbols. Tn French, for 


to have six times its lUirmal -weight, so that the 
blood becomes as heavy as molten iron, and 
the heart has considerable difliculty, or even 
inability, to maintain the circulation to the head. 
During a steep turn or dive, this force acts from 
the centre outwards, like swinging a chestnut on 
the end of a string. It tends to drain or spin the 
blood to the farthest parts of the body, so that 
the eyes and brain are momentarily starved of 
blood, causing dimming or blacking-out of vision, 
and even unconsciousness if the force is great 
and maintained for more than a few seconds. 
In ^e normal sitting position blacking-out 
occurs* in the average healthy individual when 
a force of over 4J ‘g’ is applied and itiaintained 
ibr at least 4 seconds. Some people in tbe upright 
sitting position, can withstand 7 or more ‘g’ 
before blacking-out occurs. I..egless pilots have 
a high resistance to blacking-out, as there is less 
area into which the blood can drain. 

In ordinary commercial passenger flying, 
blacking-out does not occur, as forces greater 
than 2 ‘g’ are not normally met with. In military 
avi^iOn ^igh forces of ‘g’ arc attained ; pneumatic 


example, the letter e may be written as e, 6 or e, 
each representing a different sound. In German 
an umlaut (■•) over a, u, or o changes the sound 
f r the letter. In French and English the pro- 
1 iciation of a consonant can often be gathered 
frein the letter following it. (j or c, for instance, 
are ‘soft’ in sound when followed by e, as in 
words like ‘race' or ‘large’. Some sounds arc 
represented by the combining together of differ- 
ent consonants such as ch, th, sh and so on, or 
by the joining of vowels to form diphthongs as 
n bh ou, ai, au. Nearly all languages have incon- 
sistencies -several different letters which repre- 
sent the same louiid: in English, for example, 
we have x and ks, qu and kw, ph and f. Many 
langu .^es, such as German and Italian, which 
use the Latin alphabet, have managed to 
remain roughly phonetic — that is, their spelling 
is a fairly accurate copy of pronunciation. In 
English, however, spelling has for various his- 
torical reasons ceased to be mainly copy of 
pronunciation, and is Very irregular. The main 
reason is that it has not kept pace with the many 
changes there have been in pronunciation.^ 
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Anglo-Saxon (Old Eii^lish) spelling was based 
on Latin and was roughly phonetic — that is, it 
represented words as the scribe, or the writer of 
fhc manuscript he was copying, pronounced 
them. The system was not perfect because son^e 
A^glo-Saxon sounds could not be represented 
by the Latin alphabet. After the Norman Con- 
quest English spehing came very much under 
French influence. Scribes, used to French spell- 
ing, began to try to spell English words; they 
found some English letters misleading, for in- 
stance, c in Anglo-Saxon did had a different 
sound from c in the word cyn^ ancl the scribes 
began to write one as ‘child’ and the other as 
‘kyn’. But they introduced other confusing 
spellings into the language th- mselvcs. For 
example, the Anglo-Saxon y represented the 
sound expressed in French by u, and the French 
therefore often replaced it by the letter u when 
they were writing English. Since Anglo-Saxon 
u, representing the sound in the word ‘full’, 
remained in use, the result was that words of 
different sounds often had similar spellings. 

Later there grew up the conventions by which 
some vowels were written double to show that 
they werelong (as in ‘see’, ‘sooth’), and consonants 
were usually written double to show that a pre- 
ceding vowel was short (as in ‘better’, ‘matter’). 
And a mute final e, which remained in some 
words as a relic of grammatical endings that 
were no longer pronounced, came to be used as 
a means of indicating the lengthened vowel in 
words such as ‘life’, ‘bone’ and ‘came’ (Anglo- 
Saxon /i/i hdn^ com). 

Though pronunciation changed a good deal 
.between the 13th and the i6th centuries, spelling 
became increasingly conventional, so that it 
ceased to represent current pronunciation accu- 
rately. Confusion increased in the 1 6th century, 
when letters were inserted into words where they 
were not pronounced- -cither to make certain 
words look like each other: thus delit{e) became 
‘delight’, to make it resemble ‘light’, with which 
it has nothing in common by origin; or else 
(following a French fashion) to show the con- 
nexion between an English and a Latin word: 
thus doute came to be spelt ‘doubt’, b being 
inserted, as sometimes in French spellings of the 
15th and 1 6th centurif'S, to show the original 
conney’^X with Latin dubitare. 

In the 1 6th century, too — whilst several 
changes in pronunciation were still in progress 
— tm spread of printing and of printed books 


helped to fix and regularize spelling. In later 
celtituries pronunciations, originally confined to 
a particular dialect-afca, have sometimes re- 
placed those representeef by the traditional 
spelling (‘bury’, for example, is now pronounced 
likQ* berry* in standard speech) ; and some^distlnp- 
tions of pronunciation have been lost, leaving 
meaningless variants in spel^ing^c thus, ‘4i€imc’, 
‘day’, ‘they’, pach formerly had different vowel- 
sounds, and their spellings reflect these original 
differences, though they arc now pronounced 
alike. Confusion has been still further increased 
by the modern tendency to retain the spelling and 
approximate pronunciation of words adopted 
from foreign languages — such as ‘chauffeur’, 
‘garage’. Finally, since the i8th century, spelling 
has tended to influence pronunciation, and 
especially the pronunciation of those people not 
accustomed to hearing Standard English (q.v.) 
spoken: thus ‘waistcoat’, which had come to be 
pronounced ‘wesket’, is to-day often pronounced 
as it is spelt. 

Since the i6th century there have been many 
proposals to simplify English spelling, or to add 
new letters to the alphabet. But only in America, 
where Noah Webster, author of the famous 
American Dictionary of the English Language {1^2^) ^ 
was a strong advocate of spelling reform, 
have there been any considerable changes — for 
example, the dropping of ‘silent’ letters as in 
‘ax’, for ‘axe’, ‘catalog’ for ‘catalogue’, and the 
development of uniform gioups, as in ‘humor’, 
‘labor’, ‘honor’, in line with ‘humorous’, ‘honor- 
able’, and so on. The strongest arguments 
against more far-reaching reforms are that they 
would make existing books and documents un- 
intelligible (in part, at least) to those familiar 
with the new system alone; and that it is useful 
to have the visual distinction between w ords like 
‘hole’ and ‘whole’, ‘wright’ and ‘write’, ‘taut’ 
and ‘taught’, ‘dying’ and ‘dyeing’, which our 
present system preserves. • 

See also Enoluh Language; Voice. 

STAGE-COACH. Before the coming of the 
railways in the middle of the 19th century, the 
chief means of travel in the i8th and igth cen- 
turies were the stage-coaches, which travelled 
regular ‘stages’ over the country, running to 
definite time-tables, like modern buses. During 
the 1 7th century wealthy people began to have 
♦heir own coaches {see Carriages); but every- 
one could not afford such a luxury. ITic n^t 
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stage-c oac h is hrlicved to ha\e appealed in 
lurimng hclweeii London and Chester. Others 
soon began tojun between London aiivl Exeter 
(a 5 da) s' journey) ani! London and Yoik (a 
week's journey) so long as the weather was 
reasonably good and no accident oci in red. The 
( oac lies were heavily built vehicles, drawn by 
four horses, and carrying six jiassengers inside 
and others outside. They w'eie badly sprung and 
uneomfoi table, and the windows were .nther 
woods'll shutters or leather cui tains. 

After the passing of the first I'urnpike Act in 
1663 [see 'Iitrnpike), the condition of a few of 
the main roads began to improve; so did the 
coaches. They became lighter, and wc e swung 
from thick leather straps attached to the axle- 
trees of the front and back wLeels. Window's 
were provided with glass. Moic stag(;-coach ser- 
vices were run, and the speed increased. By 
about 1 750* the regular service between London 
and Edinburgh took 8 days, all being well. 

Tfce introduction of Palmer’s mail-coaches in 


1784 maiked a great improvement in comloi- 
trbleand speed) travelling. These coaches car- 
11 only four passengers inside instead of six; 
an «cd guards tiavelled on the coaches to protect 
them from Hiohw'wmln (cj.v.); and fresh relays 
of horses w aited every 7 or 8 miles, I'lie length 
of travelling lime was greatly reduced. For 
example, in 1784 the I.ondon to Newca.stle 
coach took only 3 days, whereas in 1734 it had 
tnk''n b d^lys; and Birmingham to London took 
19 hours in 1783 instead of 2 days in 1754. By 
1800 regular stage-coach servdees w'crc running 
];etwecn all the big towms in England, and those 
caiiyin mails ran to a fast fixed time-table. 
‘East’, however, still meant an average of only 
about 5 miles an hour. 

The great coaching days in England were in 
the beginning of the 19th century. The rivalry 
between coaches led to great activity at fiicpost- 
ing Inns (q.v.), where fresh horses wcrW^j)ut 
of the yard as the guard’s horn announced t>c 
arrival of the coach. Some of these coaches, 
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drawn by ^icrset, •'jvereci abou^'50 miles a 
day. One of the most picturesque sights of 
London edch evening in those days was the 
.^departure of twenty-seven mail-coaches from 
the G.P.O. in Lombard Strict to various parts 
of the country (see Post Office, History of). 
The introduction of Macadam Roads (q.v.) in 
the early years of ^hc 19th century also increased 
the efficiency of the stage-coach service, as well 
as increasing the working life of the coach horse 
(see Horse Transport). 

See also Carriages; Roads, British. 

STAMPS, see Postmarks and Posiacje Stamps. 

STANDARD, see Flags, Scctioii i. 

STANDARD ENGLISH. No two people speak 
or write their native language in exactly the 
same way. But in any country or community 
there is generally some agreement about the type 
of the common language which should be used 
in writing, and sometimes in speech also. Thus 
certain usages come to be regarded as ‘standard*. 
Such a standard is not fixed and permanent, but 
changes, as the language changes, from genera- 
tion to generation. 

By the beginning of the nth century the 
dialect of Wessex, which had grown in prestige 
with the growth of West Saxon political power, 
was probably recognized as the standard 
language for official and literary use (see Eng- 
lish Language). But its prestige declined after 
the Norman Conquest, and for several hundred 
years writers who wrote in English wrote in their 
local Dialect (q.v.), often using many local 
words, and spelling in their own way. By the 
14th century, however, the law, government, 
culture, and much of the commerce of England 
was centralized in London; and the prestige of 
the dialect written and spoken there rose accor- 
dingly. It included, of course, a good many 
naturalized French words. It ^Decame the lan- 
guage of official documents and of the earliest 
printed books. By Elizabeth’s reign ^1558-1603) 
it was regarded as the type of spoken English 
that provided the best model for literary use, 
though most writers and courtiers probably con- 
tinued to speak their native dialects, to a certain 

extent.^ V 

Ai people learned to read, and grammars 
ana dictionaries were printed, the type of written 
Emlish based on that used in London became 

^ m 


Standard for the* whole country. But iii did not 
iVplacc local variations of speech quickly, for 
travel was still slow ahd difficult, and the social 
classes did not mix very much. To-day, however, 
'the spread of education and the wireless have 
influenced the pronunciation and idiom (the 
characteristic expression of a language) of people 
in all parts of the county in the diiVction 
of ‘standard’ spoken English — that is, the type 
of English generally spoken by well-educ^tcf^ . 
people. This standard English is known as. 
‘Received Standard*. . *■' 

One result of this has been the growth of a 
‘Modified Standard’, a form of English spoken 
by most people in England to-day. This differs 
from ‘Received Standard* in being tinged with 
local words or expressions, with usages not yet 
recorded in dictionaries, or with words pro- 
nounced as they arc spelt. There is no ahsijlute 
division between this and ‘Received Standard*. 
Each influences the other. Opinions about what 
is ‘correct’ in spoken English arc always gradually 
changing, and what one generation considers as 
vulgar or absurd is often accepted by the next 
as proper and polite. 

Sec also English Languagf ; DiAi.tcis; Slang. 

STATIONMASTER, see Railwaymen, Sec- 
tion I. 

STATIONS, RAILWAY. In British railway 
stations the platforms arc always built fairly 
near the level of the railw^ay coach. In othei 
countries it is more usual to eritoi the coaches 
by climbing up from ground level, or from a 
very low platform. In Great Britain passengers 
wait on the platforms for their trains, whereas 
in the United States and Canada they wait 
inside the main station buildings, which arc 
quite separate from the platforms. 

The Grand Central Station in New York is 
a remarkable example of the palatial American 
railway stations ; the vast central hall, surro'undcd 
by shops •and station offices, is 275 feet by 
120 feet, and can accommodate 30,000 people 
comfortably; 20 feet below it is the main-line 
station, with forty-two tracks, and 24 feet below 
that the suburban station, with another twenty- 
five tracks. .From the central hall of an American 
station the passengers pass through gates to the 
platforms, which are little more than covered 
passage-ways alongside the trains. It is tlic 
general practice in large American cities to 
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or ‘Union’ terminals, used by most, if 
not all, the various railways solving the city) 

In Gicat Britain the clearest approach to the 
American idea of a central hall, equipped with 
shops, from which the platforms open through 
gates, *s probably the City station in Leeds A 
somewhat similar principle has been adopted 
with (jertain modern London tube stations, such 
as Piccadilly Gir^us, which have a large cir- 
culating area immediately below ftie street, pro- 
TiUcd with shops, from which escalators cany 
4)asscngcr s down to the platforms A fine example 
of model n termmaHl station building m Britain 
Waterloo, with twenty-one platforms, and an 
immense hall at their inner end running the full 
width of the station Wateiloo handles over 
1,^00 trams daily In earhei days, terminal 
stations generally were built with all-over roofs, 
some with very lai ge spans St Panel as station 
m London, with a single roof span of no less than 
210 feet, being a fine example But nov/ the 
ridge-and-furiow type of glass roof is mosth 
used, for it is less costly both to build and to 
rn«. Hi teti 1 1 

The longest station platform in Gieat Biitam 
IS the single 2,194-foot platform connecting the 
Victoria and Exchange stations at Mar'chester , 
the Stations at York, Ldinbuigh Wa\crley, and 
Crewe also have exceptionally long platforms 
Ih< busiest stations m Britain are 1 ondon 
Bi irlgc , cjf the Southern Region, with twe nty-oiic 




plaiformSp partly icnin^j^i^niA iniougn , 

handling 2,100 trams daily, ^d (ilapham Junc- 
tion, with seventeen platform lines, through 
winch about 2,050 trams pass every day In 
Paris, St Lazar e terminus has thirty-one tracks 
c^\d handle s 250,000 passengers a day , while the 
Gare dc I’Est has thirty very long platforms, 
from which 23,000 suburbap passengers make 
their way every evening within the space of a 
single hour 

Sec also Undcrground Railways 

STEAM LdOGOMOTIVE, set ' Locomoiivi. 

Si LAM 

STEAMSHIPS, HISTORY OF An early sug- 
gcstion foi using steam to move ships was made 
in ihgo by the 1 lench scjciitist Denis Papin In 
1702 Thomas Savery, the engmeer, constructed 
m Britain a water -pump worked by steam, he 
wrote that his pump ‘may be made very useful 
to ships, but I dare not meddle with that matter’ 
The first use of steam power on land was by 
Thomas Newcomen about 1712 In i73() 
Jonathan Hulls of Gloucestershire patented a 
steam tug-boat, in which a paddle-wheel at the 
stern was to have been driven by a Newcomen 
engine , but his proposal did not receive the sup- 
port It deserved, and the scheme was never 
tried 

In 1775 liowever, J-G P6rier actually drove 
a small boat by steam power 
for an experiment on the 
River Seme, near Pans It 
had paddle-wheels, driven 
by a stcam-cylmdcr and 
piston 8 inches m diametei. 



PATRICK miller’s TtT AMBOAT ON DAL8W1NTON LAKE, DUMFRIES, 1 7 OQ 

By courUsy of the Director of the Science Museum, London 


Three years later the Mar- 
quis Claude de Jouflroy 
d’ Abbans made some further 
experiments with what he 
called ‘palmipede’ or web- 
footed paddles, but real 
success came in 1783, when 
his steamboat Pyroscaphe 
(Gicek for ‘firc-ship’) of 182 
tons, and 148 feet long, 
mounted the River Saonc, 
near Lyons The paddle- 


wheels were 13 
diiven by a ste 
and piston. 


fe,et across, 
ai^i^ii^hnder 


Pioneer work on s /earn 
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Parker (jiiller 


TIIE ‘URITISII QUFFn' PADDLE STEAMER 
Coloured aquatint, about 


power for ships was not confined to Europe; 
Janies Rumscy made important experiments in 
America with a steam-driven pump to draw in 
water at the bow of the vessel and force it out, 
like a jet, at the stern. In 1784 he constructed 
a model on this principle, and later made trials 
with a boat on the River Potomac. Another 
American pioneer, John Fitch, after experiments 
vtith a number of paddle-floats moving round 
in an endless chain, fitted a boat with twelve 
vertical oars or paddles, used like the hand 
paddle of an Indian canoe, and tried it under 
steam power on the River Delaware, near 
Philadelphia. 

In 1788 a certain Patrick Miller in Britain, 
after experimenting with paddle sliips driven by 
hand power, which soon exhausted the crew, 
began to consider the use of steam power. He 
tried a steam-engine, constructed by William 
Symington, in a double-hulled boat on Dalswin- 
ton Lake, Dumfries, with the poet Robert Burns 
on board- Three years later Symington made 
the cry£ii)»for a steam tug-boat, the Charlotte 
which was tried on the Forth and Clyde 
cana. She ran well; but the canal owners said 


the w^ash from the paddles w^ould harm the canal 
banks, and so nothing more was don(\ 

'I’hcn in 1B03 the American pioneer RobcTt 
Fulton had a steamboat built at Paris, and tried 
on the River Seine. It Was 74 feet long, and fiad 
i2-lbot paddle-wheels. The engii\e, made by 
J.-C. Perier, dcvelopt*d 8thorse-power, and the 
boat reached a speed of nearly 3 miles an liour. 
In 1807 Fulton had a second huger steamboat, 
the Clermont^ built at New York. With her one- 
cylinder stcam-engiru! of 20 horse-power, sin* 
reached a speed of nearly 5 miles an hour on the 
River Hudson. 

In Europe the first steamer to run com- 
mercially w'as the Comet of 28 tons, length 51- feet, 
built at Glc^sgow in 1812 for Henry Bell to run 
on the River Clyde. Her single-cylinder, low- 
pressure steam-engine of 4 horse-power gave the 
vessel a speed of over 7 J miles an hour. Steam- 
boats began to appear on the Thames in 1815, 
and in 1816 there started a steam-packet service 
to Ireland (so called because packets of mails 
were carried for the Post Oflice). 

The first steam-propelled vessel to cross the 
/‘.tlantic, or indeed any ocean, was the pacie4^ 
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THR ‘orfat Britain’ iron steamship 
C'oloiin.-d aquatint, 1845 


Parker Gallery 


Steamer Savannah of 320 tons, Icnirtli i'cet, 
built of wood at New York in 1818. When she 
arrived oft' the coast of Iroland, with smoke 
rising from her, she was naturally mistaken for 
a ship on lire. Her paddle-wheels could be lifted 
up on deck when sails alone were used; in this 
way she returned to America. 'I'he lirst cast- 
to-west jouriH'y across* the Atlantic by steam 
power was by the Rising Star of 428 tons, a ship 
built at Rotherhithc in 1821 as a private warship. 
As protection from bombardment her paddle- 
wheels were placed inside the ship, and worked 
through large openings in the bottom ol the hull. 
In 1823 steam communication with India was 
estaWished by the Enterprise of 470 tons. Speeds 
gradually increased. In 1833 the Canadian 
packet-ship Royal William, built at* C^uebec', 
crossed from Nova Scotia to Cowes ^ ' 19 days, 
at a mean speed of about 6 knots (one knot equals 
1*15 miles an hour). 

Marine boilers up to this time were fed with 
sea-water, and had to be shut down every feu- 
days to clear out salt deposits. At length the 
surface Co^^DENSER (q.v. Vol. VIII), patented 
by S;^muel Hall in 1834, enabled the boilers to 
be 'fed* with* fresh water, distilled from the used 


steam, which rurmerly had been w'asted. Thus 
an engirK‘ could be kept in constant operation. 
The paddle-steamers Sirius and Great Western, 
w hich both crossed to New- York in April 183C 
under continuous steam power, w-ere fitted wath 
I'l'^-se new conde nsers. 

wo years later, in 1840, Samuel Cunard, 
m^ic haul-ship owner, started a steam mail ser- 
vice between Biitain and America which w-as to 
become famous. 1 lis first vessel was the Britannia 
()[ 1,13b tons, length 207 feet, built of wood at 
(rreenock on the Clyde, with engines of 740 
hor.se-powci ; her speed was 10 knots. Charles 
Thkens crossed on her in 1842, when he visited 
America. The last of the Cunard paddlc- 
steamers, built in i8bi, w-as the Scotia of 3,871 
tons, length 379 leet, w ith engines of 4,570 horse- 
pow'ci and jjaddle-wheels 40 feet across. She 
represented the final development in ocean 
paddle-steamers. 

fVom about the mid- 1 9th century the propeller 
or scrcNV began to take the place of the paddle- 
wheel, although both ways of propellhiJ]^ ship 
w'crc in use together for many years. M^^than 
2,000 ycai's ago the Greek experimental thir&cr 
Archimedes (q.v. Vol. V) devised the prin.ciplc 
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CunarJ White Slat 


THE ‘MAURETANIA*, BUII.l IN IO06 AND BROKI N UP IN I 03 «j 
From a photograph in the Science Museum, l^oncion 


oLlhc sciew. I'lie Greeks were not interested in 
the practical application of their thought, and 
nothing came of the idea. I'he practical.use of 
the screw as a marine propeller dates from about 
1837, when experiments were made by fVancis 
Pettit Smith. A screw was spun round in the 
water, and forced the ship lorward {see Pro- 
peller, Vol. In 1838 the Archimedes of 

237 tons began the transition from paddle-wheel 
to screw propulsion. Another change was also 
in hand, timber suitable for shipbuilding had 
become so scaicc and expensive that naval 
architects v^ere forced to consider the use of 
wrought iron. 

Both the changes from paddle-wheel to screw, 
and from wooden to iron shipbuilding, were 
embodied in an ocean steamer for the first time 
with tlie (heat Britain of 3/^70 tons, the first of 
her kind to cross the Atlantic. She was built at 
Bristol in 1843, to the plans of Isambard Brunei, 
a British* engineer whose father had come to 
£ngla|j^>i8 a refugee from the French Revolu- 
tiooT Hbr engines developed about 1,500 horsc- 
po\\er, and propelled her at ii knots. In 1846 


she w'as stranded op the coast of Irc'land ; but as 
her iron hull did not l^ieak up as a wooden one 
would have done, iron-buill ships won public 
confidence. 

Next came the most ambitio^js failure in 
steamship history, the CJrlat Eas’ihrn (cj.v.), 
an over-large ocean liner thought out by Brunei, 
and built 40 years in advance of practical ex- 
perience. This great ship, the only vessel in 
history to be propelled both by paddle-whcc^ls 
and by screw propeller, was a coinmeicial 
failure, and was sedd in 1888 as cjld iron, and 
broken up. , 

In 1881 the Gunard ship Servia of 7,39^ tons 
was ccjnstrpcted entirely cd steed, instead of iron. 
Great advances were made later in steel manu- 
facture; and when the Campania of 12,950 tons 
was built in 1892, it was possible to us-c steel 
plates 25 feet long for her hull. The last Cunaici 
liner to be fitted with piston steam-engines w^as 
the twin-screw Caronia of 19,524 tons, built in 
1904. Her sister-ship, the triple-screW Carmanin, 
launched in 1905, was the first large ship to be 
propelled by steam turbines. 
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It: a Steam Turbine (q.v. Vol. VIII), rotary 
motion is produced by the direct ^iclion of the 
steam on the blade^ of tiFe lui bine wheel (some- 
what like a water-milF). The development ol this 
idea and its application to ships are due to Sir 
Ghaile^ Pai sons, 'whose experimental Turbima, 
a’ little ship of 44 tons, was built m 1894. This 
famous little vessel made its dramatic appear- 
ance at the naval review held at Sjjithead in 
1897; the spectatois weie thiille*d to see the 
Turbinia race down the lines of anchoifd ships 
at 34-5 knots, a speed never before attained 
water. 

After such a success, it was natural that tui- 
bines should come into use foi ocean lineis, and 
in 1904 the Victorian ol 10,734 tons appeared 
She had Paisons turbines ol 12,000 total horse- 
power, and her three screws, each 8 leet across, 
turned at 280 revolutions a minute On trial in 
1903 a. speed of i()‘8 knots was reached 

The vessel with the proudest record in the 
whole of steamship history was the famous old 
Cunard Mauretania ol ^ i ,(>38 tons, length 762 k et, 
launched in iqob. She had Paisons tui bines ol 
70,000 total horse-power On her trials the 
vessel made 274 knots. She soon captuied the 
Blue Riband ol the Mtantic as the fastest liner, 
md held the horioui from 1907 until k >9, when 


the new C/crman liner Sremec, with turbines of 
130,000 ho^se-p()l^ er, won it ftom hei. 

In 1932 there appeared the Fre'nch turbine' 
steamer Normandie, built at St. Nazaiie in Ihit- 
tan}, with a tonnige of 86,496 tons, a length of 
1 ,029 feet, and lour independent sets of turbines, 
each set driving one of the four screws* and 
developing a total ol 160,000 •horse-power The 
top speed ol the vessel on trial was 32 i knots. 

Ilf 19^4 the Queen Maty, built lor the Cunard 
White Star Line, reached neaily 33 knots on 
trial. The ’Q iicen Liizabuh (([ \ ), an even' 
larger and rrtore powtiful ship built in 19^8, on 
hei hist trip fiom Southampton to New York, 
m October (tossed at an aveiage speed 

ovei the whole jouiney of 28 knots 
Snip 

also Vol Vlll Sn ANi-r\oiNr 
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STRATOSPHERE FLIGHT, w. Hk.u Ani- 
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STREETS. The inodeni use ol die word street 
to mean a roadwav in a town or \illagc lathei 
than in opien ( ounti\ is onh about joo^caisold 
Before that, the v oid indicated a paved Roman 



A SIRFFT IN POMPEn 

The stepping stones wer< t.. pirvrnt p,a.M..ans gettm* tlu.r feet muddv 
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A MEDirVAL STRrtr IN FI ANDERS 

Detail from ‘The Virgin and C^hild before a I'liesciem'. 
painted by Roger Cainpin about 1430 

road, such as Walling Street or Ermine Street 
\see Roman Roads). 

The streets of the city of Rome, narrow, hap- 
hazard, and winding, were paved, and some had 
raised footpaths; but they were quite inadequate 
for the traffic of the centre of a vast empire. 
Consequently wheeled traffic was forbidden in 
the day-time, and the rich were carried in 
Litters (q.v.) by slaves. Shopkeepers spread 
out their wares on the pavement, and wedding 
and funeral processions added to the confusion. 
In the newly built towns of the conquered 
provinces, a definite street plan was used. Roads 
crossed at right angles, and in the centre the 
market-place or forum commanded the main 
streetj^Teiding to the city gate, as is still to be 
seewrn^he ruins of Silchester in Berkshire and 
of Merulamium near St. Albans in Hertfordshire. 


Like the country roads, town streets evgry- 
wficrc were neglected after the fall of Rome in 
A.D. 410 {see Roads). *In IJngland the Saxons 
did not use the old Romail cities, but built their 
tillages nearby. As the villages grdW into the 
to\){ns of the Middle Ages, the unpaved streets 
remained, rough and muddy, with wooden 
houses crowded close on to thorn. Thecstreets 
were buil^ highest in the centre with ‘kennels’ 
01' channels running along each side, or some- 
times down the middle ; these were all that the 
town had for drainage, and into them all refuse 
was thrown. Pas.sers-by jostled each other ofl 
the comparatively dry street into the dirt of the 
kennel. The over-hanging upper-storeys of the 
15th and 1 6th century houses held back both 
light and air from the streets which seldom got 
really dried out. There was no street-lightingj 
and little attempt at f>rder. Theft was prevalent; 
beggars, tumblers, and pedlars filled the. streets 
with their cries and antics. Apprentices adver- 
tised their masters' wares, calling ‘What do yt 
lack?’. Cattle were driven through the streets, 
even in London where they were still to be seer 
as late as 1B55. The streets were, in fart, in sc 
bad a state that people ahvays travelled, if they 
could, by^ river. In I55f) the Highway's Statute, 
which applied to all parishes, decreed that each 
parish should mend its roads by means of 6 days 
statute (or forced) labour levied on all males 
but in fact this resulted in little improvement ir 
the state of town streets in T udor times. 

Street names reveal much of the organizatior 
of trade; Goldsmiths, Butchers, T'ishmongers 
and Fullers each had llfeir own street or row' 
a.s in the great fairs; Threadneedle Street ir 
London echoes the tailor’s trade. 

During the i8th and early 19th centuries 
architects occasionally planned a few streets ir 
some towns, though this w'as cemfmed mainly tc 
the facade of the hf)uses facing the streets. Th< 
great terraces of Bath grew up in the i8th,cen 
tury, and in the Regency period bctweerl i8i( 
and 1820 John Nash designed London’s famoui 
Regent Street. But proper sanitation and drain 
age were yet to come. In 1826 the streets neai 
Westminster Abbeys were still so insanitary tha 
a cholera epidemic broke out. Many street 
were unpavjcd, and as there was no system o 
Refuse Disposal (q.v. Vol. X), it was ever 
known for a herd of swine to feed on rotting 
vegetables and other refuse in the heart of 19th 
century London. The streets of the i8th ant 
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early 19th centuries A^HSch, during the daytime, 
echoed with, the cries of milkmaids, fish-sellers, 
and the muffin-man, were practically unlit at 
night, and the night-watchmen, often old and 
incapable, could do little to patrol them. People 
wye guided along tlie streets by ‘link-boys’ who 
carried torches of pitch and tow. The crossing- 
sweeper, who swe{)t a clean passage Ibr those 
who wished to cross the streets, was a well-known 
figpire of 19th and even early 20th century 
London. 

Gas street-lighting was first introduced in the 
streets of Westminster in 1814, and soon became 
widely used. The lamps were lit by the lamp- 
, lighter with his ladder and poh , who was a 
familiar figure until 1920, and in some towns 
until much later. Electricity has now become 
the most usual form of street-lighting. Both gas 
and electric street-lamps can now be switched 
on and off automatically by a clock fixed to each 
lamp standard. In streets where the electric 
lights are supplied with current from a special 
main cable, not from the ordinary house mains, 
the lights can be switched on and off from a 
central station {see Street Services, Section 2, 
Vol. X). 

The obligation for the upkeep of streets, except 
for a few main trunk roads, now falls upon the 
local authorities, who arc assisted by government 
grhnts. They keep the surface in good repair, 
provide adequate drainage and lighting; they 
control the planning, width, and type of new 
streets in their area, the planting of trees, and 
siting of bus stops and shelters ; they are respon- 
sible for naming roads and numbering houses. 

» Certain streets have achieved historic impor- 
tance — the Rows of Chester, with their double 
lines of shops; Piccadilly, the site of famous 
London clubs and hotels; Oxford Street and 
Regent Street which house the great shopping 
centre of London ; Downing Street and White- 
hall, the streets of government offices. The Royal 
Mile and Princes Street in Epinburgh, Fifth 
Avenue, New York, the Champs filysics in 
Paris, and the Unter den Linden of Berlin 
(qq.v. Vol. Ill) are all internationally famous. 

Town Planning (q.v. Vol. X) to-day is greatly 
concerned with streets — their width and use, the 
houses fronting them, and the crossings involved, 
and an attempt is being made to distinguish 
betw^m tKc road which takes long-distance 
‘through tiaffic* and the ‘service’ road solely 
for residents. By-pass roads reduce congestion 


in some of our old ‘High Streets’, which, though 
picturesque, ^ were never intended for motor 
traffic, and easily become badly congested. 

, See also Roads; Road Trai'fic Control., 

See also Vol. X : Street Services ; /Town and Country 
Planning. 

See also Vol. XI: Towns, History of. 

StTEZ CANAL. This canal, 103 miles.long, cuts 
through the narrow passage of land dividing 
the Mediterranean from thq Red Sea. Before 
the construction of the canal, ships sailing from 
any part of Europe to India or the Far East had 
to journey all round the continent of Africa. 
The canal shortens the journey from Britain to 
India by 4,000 miles and that to Australia 1)\ 
1,200 miles. 

The idea of connecting the Mediterranean to 
the Red Sea by a canal is very old indeed. In 
the days of the Pharaohs, canals were planned 
and even dug to connect the Nile with the Red 
Sea. The idea of a canal through tlie Suez 
isthmus was conceived in the 8th century a.d., 
and again in the i6th century by the poe*t 
Christopher Marlowe. But it was not until the 
iqth century that any step was taken. Then a 
canal was proposed by a French priest, Pere 
Enfantin, who wanted to improve communica- 
tions with the East for missionary purposes. llt“ 
succeeded in interesting Ferdinand de Lcssc‘ps, 

the Frc^ich consul, in 
the scheme. By 1839 
de Le.sscps had made 
^is plans, overcome 
opposition such as that 
of the Sultan of Turkey, 
and formed his com- 
pany. Most of the 
money was su])scribed 
in France and Turkey, 
for Britain, the uriost 
likely to benefit ‘from 
the canal, viewed the 
scheme with misgiv- 
ings. Some British 
statesmen feared that 
the canal would weaken 
Britain’s supremacy at 
sea and give the French 
too much power in the 
East. They said^ the 
canal was «a pliysical 
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mpossibility. Tlie Avorkmen provided by Said 
Pasha, the Vic(‘r()y of Egypt, though on the 
vholc well ])aid and cared for, work(‘d under 
:onipulsion, an idea disliked by British people, 
[n 1863 compulsory labour liad to be given up, 
ind de Lcsscpji, deprived of a large iiuinl^er ol 
vorfcmcn, used modern engineering mac hinery 
.0 do the cxc^ivation. 

The first step wasJto build two enormous 
^ml^ankments in the Mediterranean, forming a 
01 1 of triangular harbour with a nai row opening 
o the sea, to keep out silt brought down by the 
^Jile. These were made of great blocks of eon- 
rete taken out on barges and dumped on the 
ea bottom until they rose above the sea level, 
ind the spaces filled by loads of small stones. 
The canal was then cut along the edge ot Lake 
vlenzala for 28 miles, and then thrpugh Lake 
lalah and a sandy hollow called Lake Timsa, 
Lt the north end of which is now ti. town of 
smailia. Next a cut of 8 miles w'as made across 
Icsert, in the course of w’hich the engineers had 
o blast through a mass of granite^ The canal 
hen came to a chain of sandy hollows which had 
ince been, pools of brackish water. When the 
ea was let into tlie canal, these filled up into 
ake^a5 titles long, called the Great Bitter Lake 


and Little* Bitter Lake. The ^and is so flat that 
the whole canal was cut witliDut a single lock. 
The main problem was one of excUvation and- 
dredging, for which bucket Drkdoers (q.v.) were 
used. The canal Vvas opened in 1869. It had 
ccjst million, and a further £20 million 

had to be spent in widening and deepenirfg ilie 
canal in 1876 and 1885. In ppite of the cost of 
construction the canal has brought much profit 
to its shareholders. In 1870, 451 ships passed 
through it; in 1948, 8,868. More than three- 
fifths of the ships and about half the tonnage were- 
British. In •1875 the British Prime Minister, 
Disraeli, bought up 5(^4,000,000 worth of shares, 
which arc now calculated to be worth £22 mil- 
lion. As many countries use the canal, it is 
administered by an international l^ody called 
the Suez Canal Goriimi.ssion. Tlie dues for pas- 
sage through the canal arc the same for ships of 
all countries, and are calculated bv the ships’ 
tonnage. It takes a ship about 15 houis to make 
the passage, and there is a strict speed limit. 

See also Canai-s. 

SUPERSONIC FLIGHT. Sometimes an aero- 
plane flying fairly low is seen to approach with- 
out noise. As it passes overhead, a great burst 
of noise is suddenly heard, which grows faintei as 
the aircraft flies on. Then, after a brief moment, 
the sound of an approaching aircraft is heard. 
These are the signs that the ciait was flying 
faster than the speed ol sound. I'hus the aero- 
plane approaches the spectator faster than its 
( ’ n noise. Once it is directly overhead, of 
Cl jrsc, it ceases to approach thf- spectator, and 
he can hear it flying away just like any slower 
aeroplane. Then the new sound, which reaches’ 
the spectators car a moment later, is the sound 
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SUPERSONIC FLIGHT 


which that aeropIaiK? had been makihg while it 
was still coming towards him. Sound (q.v. 
•Vol. Ill) trUvels 760 miles an hour at sea-level 
at freezing-point; the speed of sound is less as 
altitudes or temperatures rtse; aircraft often 
approach supersonic speed at a little over 600 
mSles*^ an hour. 

Special difliculties arise in building and 
manoeuvring an aeroplane which will fly faster 
than sound. One difficulty arises from the niiture 
of air. Air can be squeezed; scientists call it ‘a 
compressible fluid’ ; if pressure is applied to it, 
its volume becomes smaller. Water; on the other 
hand, is regarded as not compressible; heavy 
pressure makes hardly any change in its volume. 
At most ordinary aeroplane speecu, the air main- 
tains the volume unchanged ; therefore designers 
can safely work out their calculations in the 
knowledge that the volume of air will remain 
the same. So great, however, is the speed of very 
fast modern aircraft that the air is compressed 
as they rush by. A body moving through the 
air causes a disturbance, which travels at the 
speed of sound, and which spreads out from it 
and causes particles of air in front of it to move 
out of its way; thus the air flows round the 
moving body. When an aeroplane itself is 
travelling as fast as sound, it hits the air in front 
of it before the particles of air can get out of 
the way. The result is a ‘shock wave’ in the air, 
which greatly increases the pressure of the air; 
as a result, the volume of the squeezed air be- 
comes smaller. The air, when thus compressed, 
causes troublesome strains, as well as strong 
‘drag’ effects in the aircraft {see High Altitude 
Flight). But modern jet engines can produce 
'sufficient thrust to overcome this drag. Besides 
the change of volume, an increase of pressure 
causes an increase of temperature, as those w^ho 
have pumped up bicycle tires will know. An 
aeroplane travelling at very high speeds, there- 
fore, gets quite hot. Already the cockpits of 
high-speed aeroplanes have to be kept cool by 
a refrigerator. The next limit to aeroplane 
speeds may prove to be the amount of heat 
which the craft can stand. 

See also Flying. 

SWAHILI LANGUAGE, African Lan- 
guages. 

SWEDISH LANGUAGE, see Scandinavian 
Languages. 
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SYDNEY HARBOUR BRIDGE. The city of 
Sydney in Australia grew up around a magnifi- 
cent natural harbour, which made it an impor- 
tant trade centre; but until 1932 the north and 
south sides were connected only by ferry or by 
a roundabout lo-mile road. Now, one of the 
most famous arched bridges of modern times 
connects the north and south parts of the city. 
The width of water to be .spanned would sugge.st 
that the bridge should have been of the suspen- 
sion type, like the CIoidln Cate Bridge (q.v.) 
at San Fiancisco; but the authoiities decided to 
build an enornKuis arched bridge. The founda- 
tions were begun in January 1925, and to save 
the expense of transport, foundiies and woik- 
shops were built on the site. As soon as the 
different parts were ready, they were carried on 
barges to the spot where they were needed, and 
then hauled into place Jjy huge 'eianes. T he 
construction w^ent on from both sides of the 
harbour at once. 

The bridge was completed early in 1932. The 
main span is i ,650 feet long, and the total length, 
including the approaches, is 24 miles. Across it 
run four raihvay lines side by side, as w ell as a 
wide roadway and pavements. It was expected 
to be the longest arched span in tlie world ,* but 
in fact the Bayonne Bridge over the Kill van 
Kull estuaVy in New York, which was begun 
5 years later and finished 4 months earlier, with 
a span length of 1,652 feet i inch, is 25 inches 
longer. The Sydney Harbour Bridge, however, 
still holds two world records: it is the heaviest 
arched bridge and, with its width of 137 feet, the 
widest long bridge of any type. 

See also Bridges. 

Sec also Vol. Ill : Sydney. 

Sec also Vol. VIII : Bridge Bun imno. 
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TABLET, see Writing Instrumi:nts. 

TANK ENGINE, see Logomo'iivf, Steam 

TANELER AIRCRAFT, Fuelling in Flight. 

TANKER SHIP, Ship. 

TANKER VEHICLE, see Motor Transport 

T>Xr ('arriages for hire were first used iii 
London early in the 17th century. They were 
often disused private carriages, licensed for public 
use, and were known as hackney-carriages, from 
the ‘hackney’ or slow-moving type of horse which 
drew them. In 1G33 a Captain Bailey had the 
idea of setting lour hackney-carriages in the 
Strand, and there people ^ould hire them foi 
journeys in the town. Others took up the idea, 
and within a short time there were so many 
hackney-carriages crowding the streets of Lon- 
don that spec ial laws^were necessary to restrict 
their numbers and organize them. In 1635 only 
fift^ were allowed, but the number gradually 
increased, and by the earlv i8th century there 
were about 800 operating in London. 

Early in the iplh century a new light Uvo- 
wheeled carriage, called a ‘cabriolet’, was intro- 
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duced into England front Fri^nee, and from this 
came the name* ‘cab’ for atiy type of hired 
carriage. In 1834 an architect naihcd Hansom 
designed and patented a kind of cabriolet known 
as the hansom . This held two passengers, 
and the driver s seat was raised over the back, 
the reins coming over the roof. I’hc hansom 
extremely popular, though .it did not wholly 
replace the old hackney-carriage or Ibur-whceler 
the ‘growler’ as it was sometimes called, 
popihly from the noise it made, or from its 
driver’s tcn'Heiu'y to grumble. 

With the« coming of the Motor-gar (q.v.) 
early in the 20th century, motor-driv<‘n cabs 
began to replace both the hackney and the 
hansom cab. These weie fitted with the taxi- 
meter, a clockwork device linked with the cab 
wheels, sho\ving the distance covered and the 
iare, and so they were ( ailed ‘taximeter cabs’, or 
‘taxi-cabs’, and finally ‘taxis’. 

In London taxi-cabs and their drivers are still 
largely governed by the laws made for the old 
horse-drawn iKu kiiey-rai riages. Cabs arc subject 
to inspection by the police befon’ they are 
licensed, and afterwards should the occasion 
arise. 'I’he drivers have to pass a severe driving 
lest, and prove that they have a good knowledge 
of London bf'fore they can be lic'cnscd. There 
is a large numix'r of taxi ranks whei'c the taxis 
may w'ait to be hir ed. A taxi may he hailed and 
hired while on its way to a rank, although the 
driver is not obliged to stop. 

A licence to run a cab in a tow^n or area 
ulside Lond(jn must lie obtained from the 
'cal council, who can make regulations to 
govern the cabs on such matters as fares, the 
location and size of ranks, tlie lilting of taxi- 
meters, and the drivei's responsibilities tow^ards 
the hirer. 

Sec also Carriaols; Motor-car. 

TELECOMMUNICATIONS, see Telegram; 
'Lllephone Servige; C1\bi i- ; Short-w^avf 
Wireless. 

TELECOMMUNICATIONS, INTERNA- 
TIONAL. These are the telephone and tele- 
graph systems communicating w ith other coun- 
tries and with ships at sea, either over submarine 
cables or by wireless. British international tele- 
graph coinmunicaticjus are handlcd*by tfie Post 
Office, apart from a few private companies. 
The international telephone service from Britain 
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is run solely by Post Office; a ‘telephone 
subscriber can speak with almost any other 
country and to passengers on the largest ocean- 
going liners, while a coastal service reaches 
small ships and trawlers. Aphrt from European 
calls, most of Britain’s overseas telephone traffic 
pisses over ‘radio links’ {see Short Wave 
Wireless). Over « 955,000 international calls 
were made from Britain in 1948. 

The U.S.A. has the world’s largest internal 
telecommunications system ; it has about 35 mil- 
lion telephones, or one for every four persons, 
while in Britain (which has the Aext greatest 
number) there arc 5 million telephones, or one 
for every ten persons. U.S. telegraphs and tele- 
phones are privately owned. 

Sec also Gable; Telegram; TLLmioNE Service. 

telegram. The Post Office telegraph ser- 
vice operates through a number of large offices, 
called ‘instrument rooms’, which are connected 
by telegraph lines to teleprinter switchboards 
(rather like telephone exchange switchboards) 
in different parts of the country. I’hrough these 
teleprinter switchboards an instrument room in 
one part of the country may be connected to 
other instrument rooms in other parts, just as 
one telephone subscriber is connected to another 
on a telephone trunk call. 

Teleprinters (q.v.) are used for sending and 
receiving telegrams in these instrument rooms, 
and the lines connecting the various instrument 
rooms with the teleprinter switchboards arc 
called the ‘teleprinter switching network’. There 
are, of course, many small telegraph offices not 
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connected with the switching network; the larger 
these haye a teleprinter connected to the 
nearest instrument room, while the smaller ones 

n 

(because they handle only a few telegrams) 
usually send their telegrams by telephone to the 
nearest instrument room from which they can 
be dispatched. 

The name of every telegraph office .the 
country is abbreviated into a short two or three- 
letter code (for example, Birmingham is known 
as BM) and these letters appear on the tele- 
printer switchboards so that the operator may 
know which instrument is' calling. When a 
telegram has been handed in to a Post Office it 
is passed to the nearest telegraph offic e or 
instrument room. Here a circulation clerk has 
a record of all the offices in the country, and he 
writes on the telegram the code of the telegraph 
instrument room nearest the destination of the 
telegram. He then passes the telegram to a 
teleprinter operator. 

This operator starts typing on her teleprinter 
the code letters of the distant teleprinter she 
wishes to communicate with. A small lamp 
lights up on the distant teleprinter switchboard 
to tell the switchboard operator who is calling, 
and the code letters of the calling teleprinter arc 
automatically typed on the teleprinter at the 
switchboard. When the .switchboard ojierator 
reads from her teleprinter the letter code of th(‘ 
required instrument room, she connects th(' 
calling teleprinter to it, and the telegram can 
then be typed from one to the other on to long 
gummed-paper ribbon. When the. whole of the 
telegram has been received, this ril)l)Oii is torn 
off in suitable lengths and stuck on to an ordiqai y 
telegram form. 71ic telegram is then ready foi 
delivery. 

If the person to whom the telegram is to be 
sent is on the telephone, the message may be* 
telephoned to him; but otherwise the telegram 
is sent out by messenger. 'I’he period wffich 
elapses between the handing in of a telegram at 
a Post Offige until it is finally delivered depends 
on the number of times the telegram is handled ; 
for example, a telegram handed into a very' 
small Post Office will take longer to transmit and 
deliver than one handed in at a large Post Office 
with an instrument room of its own. 

43,396,000 inland telegrams were handled by 
the Post Office (q.v.) in 1948. 

See also TfcLCpRiNTER; Telecommunications, Ii^ter- 
NATIONAL. 
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XEXiEGRAPHYj mSTORY OF. Electric tele- 
graphy began just before the middl^: of the ig^h 
century. The many inventors who helped to 
devise a working systdm were spurred on by the 
demands of the newly built railways for somt* 
means of conveying messages between signalnjcn 
about the safety of trains Signalling, Rail- 
way). «Towardj^ the end of the i8th century, the 
name ‘telegraph* from the Greek word^ meaning 
Writing at a distance’, had come to be used Ibr 
an Admiralty system of wooden sigihJboards 
(^see Semaphore). But although electricity was 
then little more than an amusing novelty, the • 
years round 1800 were marked by many efforts 
to use it to convey messages. Men were just 
becoming aware of electrical or magnetic cur- 
rents. They had been thrilled by the experiment 
in 1752 of Benjamin Franklin, the American 
statesman and thinker. When Franklin flew a 
kite during a storm, loose strands of the kite- 
string stuck out stiffly and his hand felt a slight 
shock ; thus he had proved that lightning was an 
electrical discharge. Two Italians, Galvani and 
Volta (from whose names wc get the two elec- 
trical terms ‘galvanize’ and ‘volt’) had devised 
early forms of battery which caused weak cui- 
rents to flow {see Electrical Engineering, 
History of, Vol. VITI). Once it was f >und that 
an electric current would run along a piece of 
wire and cause objects to mQVC, people tried to 
devise an electrical telegraph. Experiments were 
made using a sQparate wire for each letter of the 
alphabet; near each wire was a light-weight 
ball made of pith from a plant, wnicti, when 
charged by the current? would attract a piece of 
pap^r bearing a letter of the alphabet. Other 
experimenters used the flash of a spark (caused 
by interrupting a circuit along which electricity 
flowed) to light up a letter. 

It was known that a steel needle could be 
made magnetic by being rubbed against a 
mag^ict. In 1819 H. C. Oersted found that, if a 
c urrent were passed through a wire near a needle 
^vhich had been made magnetic, the needle 
would be turned away from its normr 1 position, 
according to the direction of the cun v nt. This 
had important results. Galvani made a machine 
in which the twenty-six letters of the alphabet 
were pointed to by magnetic needles at the end*^ 
of twenty-six wires. William Sturgeon, a Lan- 
cashire shoemaker who was a keen amateur 
experimenter, produced the first electro-magnet, 
whicli consisted of a number of turns of wire 


around a horseshoe-shaped, p^ece of ‘soft’ iron 
(not tempered hard like steti); this attracted 
smaller pieces of soft iron whenever \:urrent was • 
passed along the wire coil (an invention which 
led later to the Inodern electric motor and 
dynamo). Within 6 years, in 1831, electro- 
magnetic signalling apparatus, in which the 
attracted piccrc of iron was m<vle to strike a bell, 
had been demonstrated {see Elec trig Signal- 
ling). 

In America Samuel Morse, who later became 
Superintendent of I’elegraphs to the United ‘ 
States Government, tried making signals by 
opening and closing'an electrical circuit, so that 
the signals could be recorded. He fitted a pencil 
to a lever w'orked by an electro-magnet so that 
the pencil would mark a moving paper strip 
whenever the electrical circuit was completed 
or broken. For the use of this pencil recorder he 
invented the dot-and-dash alphabet which has 
made his name famous {see Morse Code). Later 
he invented a simple relaying instrument for 
automatically repeating signals from one section 
of the communication line into the next, so pre- 
serving the strength of the signals over any 
distance. I'hen he devised the Morse key or 
tapper, as a convenient way of making and 
breaking the flow of current. 

A friend of Morse’s, Alfred \^ail, found that it 
was possible to ‘read’ the code by ear, from the 
sharp tapping sound made by tlie lever in the 
recording machine. So the original Morse 
1 ?rorder was no longer used (although, of course, 
t graph systems to-day use elaborate systems 
fo. recording messages in Morse at high speed). 

Morse was granted his first patent in 1848, 
nearly 9 years after he had demonstrated tele-' 
graphy over a line 40 miles long — the first line 
to be opened for public business. Within 3 years 
his telegraph system was being operated in 
A.ncrica by fifty companies. 

The first practical telegraph in Britain was 
set up in 1B37 by two scientists, Cooke and 
Wheatstone, and linked Euston railway station 
in Lo . Ion with Camden Town station, only a 
mile aw^ay. A few years later, when this railway 
telegraph helped to bring about the arrest of a 
murderer, public interest in the invention \vas 
assured. Before long, telegraph lines were laid 
under the sea. The first cable between Europe 
and America was laid in 1858 {see Ci^BLii, Sec- 
tion 2). 

In 1861 Wheatstone brought in Britain’s first 
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automatic sendir^ afid receiving apparatus. 
Sending by hand^and receiving by car were too 
slow to be practical on busy lines, their greatest 
speed being forty-five words a minute. If enough 
messages had to be sent from one city to another 
every day to keep ten dot-and-dash operators 
busy, it would be a great waste to have ten 
separate telegraph lines, one for each operator. 
Wheatstone’s idea was that the ten operators 
should punch out their messages in a code con- 
sisting of holes on strips of paper ; an automatic 
fast transmitting instrument, whicK would tap 
out dots and dashes ten times as fast as an 
operator, would then turn the punched strips of 
paper into dots and dashes fer the telegraph 
wire, so that one line could take die messages of 
ten opcratois. The principle of high-speed 
transmission is still the same to-day, although 
later inventions have gone much fai ther; one line 
can now transmit high-speed messages for a num- 
ber of automatic transmitters at the same time. 

Shortly after 1850 Professor D. E. Hughes, the 
British professor of music who is chiefly famous 
for inventing a microphone, designed a type- 
writing telegraph — a startling novelty, for the 
ordinary Typewriter (q.v.) itself had not then 
been invented. This device was the fore-runner 
of the modern Teleprinter (q.v.). 


Another early novelty was the writing ‘tele- 
graph’. At the transmitting end of the telegraph 
line a pencil was moved by band to shape a letter, 
as in handwriting; this movement,^ through a 
lever, varied the amount of electric , current 
floiving to the receiving end. Here the varying 
current caused a recording pen to repeat the 
movements, thus providing a. copy of the Writing. 
This device, .however, has never become much 
more than a toy. 

See also Tflioram. 

TELEPATHY. This w^ord, which means ‘feel- 
ing from afar’, w^as invented about 1882 to cover 
all mysterious cases in which one mind was 
apparently able to communicate with another 
by unknown means, not using the Senses (q.v. 
Vol. II) of sight, hearing, touch, taste, or smell. 
Since then the Society for P.sydiical Research 
has recorded many cases in wliich comn'iunica- 
tion of this kind appears to have occurred. 

A ty^pical case is the following. A little girl of 
10 years was walking along a country lane, 
reading a book on geometry. Suddenly her sur- 
roundings seemed to fade away, and she thought 
she saw her mother lying, apparently dead, on 
the floor of a 'little-used room at home, know n 
as the ‘w^hite room’, with a lace handkerchief 
beside her. The child was .so 
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impre.ssed that instead of going 
home she hurried to a doctor’s 
house and persuaded him to go 
home with her. He found the 
mother lying on the floor of the 
white room, suffering from a 
severe heart attack. Beside* her 
was a lace handkerchief. The 
doctor was in time to save her 
life. Here it would seem that 
the mother's mind, in some 
mysterious way, reached out to 
the child’s mind and generated 
a powerful picture or hallucina- 
tion Psychology, Vol. XI). 

It is important to distinguish 
between genuine and false tele- 
pathy. If two people think of a 
performing seal with a bottle 
balanced on its nose at about the 
same time, that may not be due 
to telepathy but, for example, 
to the fact that a few miautc'^ 
earlier they were both, looking 


at the lamous 'Uuinness' poster. Demonstrations 
»of so-called ‘thought transference’ ,by profes« 
sional entertainers arjj practically never genuine. 
Such people communicate with one another by 
cleverly contcaled codes of signals, usually of a • 
visual kirid. A piece of chalk left lying on a taljje 
may indicate one of several objects, according 
to the direction in which it points. Two per- 
formers usually Work together, one a^ ‘trans- 
mitter’ and the other as ‘receiver^* and ihcit 
success depends largely on skilful pLtnning 
^ beforehand. Music-hall ‘telepathists’ can be • 
distinguished from * genuine researchers whf) 
appear to possess a special gift by the fact that 
the latter readily submit their powers to scientific 
examination. 

In recent years telepathy has been the subject 
of a large number of careful scientific experi- 
ments carried out in America and Britain. In 
the best of these experiments the sender for 
‘agent’, as he is called) sat in one room vv^ith a 
pack of twenty-five cards ; the face of each card 
bore one of five different types of geometrical 
symbols sucii as a square, circle, or star, or a 
picture of one of five different animals. The 
pack was shuflled so that the symbols were in 
iiaphazard order. The receiver (or ‘percipient') 
.sat in another room, either adjoining tb^' sender 
or even hundreds of miles away. The sender 
lifted off a card, one at a tirne^ and looked at its 
face. The receiver had to guess which of the 
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for success is that the sendor anfl receiver should 
be friends or well acquainted with each other. 
So far as we can judge, tlicrcforc, * telepathic 
communication is unaffected by distance. More 
ren^arkable still, it i^f to some extent independent 
of time. For instance, an experimenter has suc- 
ceeded in guessing correctly— not the card* the 
sender was looking at during the actual moment 
of guessing — but the card he would be looking 
at in fu’o or three seconds’ time. That is to say, 
the receiver was guessing correctly the card 
which would* be in the sender's mind two or 
‘three seconds later. This receiver became known 
as ‘the man who was three seconds ahead of 
tiinc’. 

It has been shown that when we do a sum in 
our head, electrical impulses occur within 
the brain {see Nervous System, \'o1. XI). This 
has led many people to suppose that thought- 
transference is a kind of wireless. But there are 
many dilficulties in the way of accepting such a 
theory. In the first place a wireless signal is 
never received at one end before it has been 
transmitted at the other, as in the case just 
described. Again, all normal modes cjf com- 
munication between human beings depend on 
some kind of code or language, such as Morse 
or ordinary speech, by means of which wifeless 
wave patterns can be interpreted and given a 
meaning. But it is difficult to understand how 
such codes or language could have originated in 


five symbols the render was looking at. By pure the case of ‘brain waves’. 

chance alone he should guess con ectly on the 1 ♦ might be thought that the harder the sender 
average one c<\rd in every five. If he juade, for c( entrates on sending the message, the easier 
instance, 400 guesses, fft would expect, by the it v. ill be for the receiver to pick it up. Experi- 
mat^pmatical laws of chance, to get about one- ment shows that this is not the case. It is not 
fifth right, or Bo out of the 400. But suppose he even necessary that the sender should have the 
has guessed 1 1 2 right. The difference bet »vcen image in his conscious mind at the moment 
1 12 and 80 (^32) is called the ‘deviation’, when the other person receives it. It is sufficient 
This deviation is compared with tables of ‘stan- that he should have been thinking of it con- 
dard deviations’ which have been worked out sc i^ usly, say a moment earlier. These facts sug- 
by mathematicians; the comparison shows that gest that the transfer takes place between the 
in this ca.se a deviation of 32 could occur by pure subconscious regions of the sender sandiecciycr s 
luck alone only once in 1 0,000 such experiments, minds rather than between their conscious minds. 
Therefore there is reason to suppose — though Pers^' " acting as telepathic receivers who can 

no certainty — that telepathy may have .operated produce some of the remarkable results described 

in this case. If the receiver repeatedly guesses are apparently very uncommon, but cxperi- 
a much larger proportion right, some cxplana- menters think it probable that qujte ordinaiy 
tion, such as telepathy, seems to be called for. persons have at times short-lived spurts of tc c- 
A telepathy experiment works as successfully pathic reception. Telepathy, as a subject oi 
when the sender is in London and the receiver serious scientific study; is sometimes described 
in Belgium as whert they arc in adjoining rooms by the terms parapsyc o ogy an ex ra- 
of the same house. But an important condition sensory perception . Some pcop c in 1 is an 
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almost extinct t»icuUy possessed by primitive National 1 elephone Company, and in the same 


man before he rlevclopcd the power of speech. 
Others believe that it is the beginning of a new 
and more subtle means of communication be- 
tween human beings, which' may replace speech 
and writing in ages to come. 

See also Vol. XI : Psychology. 

TELEPHONE SERVICE. Shortly after 
Graham Bell had invented the telephone in 
America {see Speech, Transmission of), a British 
company opened a telephone exchange in the 
City of London in 1879 to providvi a service for 
seven or eight subset ibers. The Post Office 
opened its first exchange at Swansea in 1881, 
and otheis later at Newcastle on-Tyne, Brad- 
ford, and Middlesbrough. Private companies 
and some municipal authorities also set up tele- 
phones in other areas; but in 1889 the chief 
telephone companies merged in the ‘National 
Telephone Company’. I’he Post Office took over 
all ‘trunk’ long-distance lines in 1896, and 6 years 
later opened the first of several large London 
exchanges, the ‘Central’, with 14,000 lines. 
Finally in 1912, the Post Office took over the 
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A TABLE TELEPHONE OP ABOUT 1 895 

From an exhibit in the Science Museum, London 


‘^car the fv^'St automatic exchange was opened > 
at Epsom in Surrey. ‘ The J?ost Office now con- 
trolled all the telephoneii in the country, except 
those run by the municipal authorities of Ports- 
n]^puth and Hull, and by the States of Jersey and 
Guernsey. I'he scr voices of Hull and the Channel 
Islands are still locally owned and run., under 
Post Office^ licence. By 191B the Post Office 
operated over 819,000 telephones. During the 
1920’s a few automatic exchanges were opened 
in the provinces, and in 1927 the first of the 
present large London automatic exchanges was 
opened at Holborn. 

The 1930’s saw the evolution of the present- 
day system; the ‘trunk’ service was completely 
re-organized; new standard automatic equip- 
ment was designed, and small automatic ex- 
changes were specially made for rural areas. By 
1939 there were 3,235,000 telephones, and about 
2,236 million c alls were made in a year. 

During the Second World War, the Post Office 
was mainly concerned with providing telecom- 
munications for war use ; but by 1 949 there were 
5 million British telephones. In that year the 
Post Office had 5,848 local telephone exchanges, 
of which nearly 4,000 were automatic, while the 
total traffic reached 3,137 million calls a year- 
about 9 millions a day. The trunk service car- 
ried twice as many calls as it had done before 
the Second World War, and the number of 
trunk circuits rose ffom 0,770 in 1939 to 1,3,562 
in 1949. 

When two people speak on the telephone, 
their lines are joined thrtjugh the local telephone 
exchange, to which all subscribers in a dirtrict 
arc connected. Each subscriber pays a regular 
rent for the hire of his telephone instrument, a.s 
well as other charges based on the number of 
calls he makes, and extra charges for long- 
distance calb; no charge b made for the calls he 
receives. Most subscribers and exchanges are 
linked by underground cables; 24 million miles 
of wire are carried in these cables, and onl> 
2 million miles on overhead poles. Some modern 
cables, although containing only two metal con- 
ductors, enable 600 different telephone conversa- 
tions to take place at once {see Cabi.e). 

Calb between telephone subscribers on the 
earlier systems were connected by operators at 
‘magneto’ telephone exchanges — so called be 
cause the subscriber had to turn the handle o 
a small magneto generator to call the operator 
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Each telephone also had its own small hallcry 
to supply electiit eurreiil t(j allow the subsdiber 
t(^ speak. Later, kiri^e batteries in the exchanj^c'S 
gave all the current needed.’ 

'Ihc standard method ol connecting snb- 
scribcis in Britain is the automatic exc hange (see 
'i ELEPHONK Enc.i\i:i:kino, Vol. VII E A sub- 
scriber ^\ho wants to rj^g up a I'riend must know 
the number of the liiend's telephone, which he 
wilT find in the loe<il directory's list of names. 
He then ‘spells out’ this number on the figures ol 
the dial on his instrument, and the connexion is 
made at the automatic exchange without the help 
of any operator. Special numbers or letters on the 
dial are r eserved for special things : the figures ‘999’ 
w'aifi ;m exchange oflicial that a caller urgently 
wants the fire-biigade, jioliee, or ambulance 
service. The letters ‘flM’ connect the caller to 
an automatically recorded voice co rrolled by 
a cloc)c, which ‘speaks’ the exact time. There 
are still, however, many of the older ‘maniiar 
(hand-6pcratcd) exchanges in use; there, the 
connexion is made with a ‘cord’ of ftexible wire, 
the ends of which the operator plugs into num- 
bered holes in a board. Both methods can be 
used in public telephone boxes, from which both 
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local and trunk calls can be made. The money 
for the call is placed in slots in a box; or the call 
may be reversed — that is, the person receiving 
the call may direct that it be chaiged to his 
account. 

The plan enabling any subscriber to dial an\ 
'her number in Britain has had to be spread 
» 'r a number of years. Although an automatic 
exchange can covtT the area ol a large tc^w n or 
country district, all distant calls to subsciibei^, 
outside the town or district must pass through 
special ‘trunk’ exchanges; these are hand- 
operated, but modern switchboard design is 
replacing plugs and cords by small le^'crs. 

The ‘trunk’ service is now extended to an 
international service; the first telephone cable 
betw een Britain and France was opened in 1891 . 
Now', by cable or ‘radio link’, Britain is linked 
by tcn. phone with most of the world (see Tele- 
communications, 1 nternational) . 

Sec also Speech, Transmission of; Post Offices. 

Sec also Vol. VIII: Pelephone Enoineerino. 

TELEPHONES, MOBILE. Small portable 
wireless transmitters arc used for orefinary'- tele- 
phonic conversation; the smallest set can be 
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PORTABLF RADIO 

The transmitter and receiver, powered by batteries, are 
strapped to the man’s back 

Strapped to a man’s back walkie-talkie’), and 
tHc largest can be fitted in any kind of vehicle or 
craft. 1 his form of radio-telephone is .used in 
police cars, ambulances, fire-brigade tendeis, 
newspaper reporters’ cars, and sometimes in 
taxis. It has even been fitted to cranes and bull- 
dozers engaged in large works of civil engineer- 
•ing, in which control from a central point is 
important. It is also used in ports by tugs, fire- 
fighting vessels, and official launches. 

The method of communicating with a police 
car will explain the general principles. The 
entire transmitting and receiving apparatus of 
the car fits into a space of one cubic foot, because 
the set, unlike the broadcast 1-ccciver in the 
home, does not need the numerous coils and 
condensers necessary for tuning in to different 
stations. It is tuned permanently to the private 
wavelengths chosen by the local police force, 
and makes flsc of frequency modulation {see 
Radio, Vol. VIII), it is therefore difficult for 
outsiders tp pick up. The set, which derives it-^ 
power from the car’s battery, is mounted on 
rubber shock-absorbers, generally in the rear 


luggage compartment. It is connected with a 
short vertical flexible aerial on the roof. On the 
dashboard, facing the driver, are control switches ; 
under the dashboard is a*small loud-speaker; 
.close to the driver’s hand is a hand-microphone; 
when he wants to speak to police headquarters 
he* touches a switch and speaks into his micro- 
phone. ^ ^ . 

The police headquarters is connected with a 
number of ^ fixed transmitting and receiving 
stations, each with its own aerial. These stations, 
which are automatic and unattended, are located 
in various parts of the county or city concerned, 
so that no car is ever out of range of a head- 
quarters aerial, whether for sending or receiving. 
When an officer at headquarters wishes to give 
instructions to car patrols he speaks into a 
microphone and his words arc transmitted from 
the aerials of all the fixed stations. 

The device of a portable radio-telephone is 
occasionally used by the B.B.G. (j^^News Broad- 
casting). It is also sometimes used on foreign 
railways, for instance to link the guard’s van 
with the engine-driver on mile-long American 
goods trains; but it has nowhere taken the place 
of signalling. On some American railways it 
connects passengers in a train with ordinary 
telephone exchanges. 

The ‘walkie-talkie’, which weighs about 12 lb., 
may be used by the man on whose back it is 
strapped; but often the set is carried by an 
assistant. A small collapsible ae,v*ial attached to 
the set sticks up above the wearer’s head. 'Ear- 
phones and a mouthpiece may be fixed to a 
head-band, so that thir speaker's hands can 
be free. Batteries supply the power. Scvei al 
‘walkie-talkie’ sets may be used at once by fiic- 
men fighting a big fire, making it possible for 
the controlling officer to receive iniormation and 
give instruction to crews hidden by smoke or 
intervening walls. The police also use this 
instrument to control large crowds. 

See also Speech, Transmission of. 

TELEPRINTER. This is a machine used b\ 
the Post Office (q.v.) to send and receive tele 
graph messages over wires. It looks very like 
large typewriter and works in much the sam< 
way: it has a keyboard with keys arranged t( 
print both * letters and figures, and can bi 
operated by a typist. When the operator type 
out a message, the teleprinter not only transmit 
the same message to the distant teleprinter* wit’ 
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whicli it is connected but can be arranged so 
. that it will also type a copy itself. ,The distant 
receiving machine g^utonfatically types an exact 
copy,' and it is thii which is delivered {see 
TelegramJ. • 

Briefl^^, the teleprinter works in this way : ejeh 
key of the keyboard sends QUt a different kind of 
ekctrisal impufee \vhen it is pressed. On the 
receiving telcprihter there is an electi;o-magnct 
which* receives these electrical impulses, afid 
. these cause it automatically to opci ate the 
appropriate letters on the machine, and thus try 
produce a copy of the telegram. The receiving 
machine does not have to be attended all the 
time by an operator, for the sending machine 
can' make it start up and receive a message. 

Telex is a private teleprinter service by means 
of which business firms may send typewritten 
messages from their own offices over ordinary 
telephone lines. The Telex teleprinters are, in 
effect, ‘telephone subscribers’, for each has its 
own telephone line to the Post Office telephone 
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exchange With its own n^tnib^r. When a Telex 
subscriber wishes to send a typed message, he 
merely calls the other Telex subscriber by tele-* 
phone, switches on his teleprinter and types out 
hi} message. UnlFke the machine used in the 
Post Office public service, however, the Telex 
teleprinter types on sheets of paper and not on 
a paper ribbon. Telex calls «iay be made not 
only within Greaf Britain but also to other 
European countries. 

See also Telegram; Telephone Service. 

TELEVISION. The power of seeing things a 
long way off by means of electricity — which we 
how call television — was a dream which attracted 
scientists for 6o years before they made it come 
true. When electric Telegraphy (q.v.) came 
into use in the middle of the 19th century, 
inventors began to think of sending pictures 
by electric wire. They were not yet thinking 
of using telegraphy to watch things actually 
moving; the most they hoped for was to transmit 
still pictures. But soon their thoughts tuxned to 
the transmitting of moving vision, an achieve- 
ment which did not come until the wireless 
broadcasting of speech had been already estab- 
lished. 

Between i860 and 1880 many experimenters 
in Europe and America began to tackle the 
problem of turning the variations of light and 
shade of an image into electrical currents, trans- 
mitting and receiving them, and then turning 
them back into the original vaiiations of light 

d shade, ready to reproduce them for the eye. 

The discovery of a chemical element, selenium, 
the electrical qualities of which vary with changes 
in light and shade, is described in the article 
Picture Transmission, as well as the simplest 
way of ‘scanning’ a picture, or recording every 
part of its surface by means of a small beam of 
light. The same broad principle is used for tele- 
vision, but since in television everything that is 
seen is actually moving, the ‘scanning’ must be 
done with great speed. Just as the cinema is 
mad' possible by the natural slowness of the 
human eye, which fails to notice interruptions 
of vision which last less than about onc-twcntietli 
of a second, so the television trjinsmittcr can 
produce a satisfactory moving picture so long as 
it can send out at least thirty complete images 
every second of any scene which it is intended 
to transmit. Each image, during the one- thirtieth 
of a second which it lasts, must convey a record 
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of the precise am9Uiitgof light and shade which 
exists all over its surface. The light and shade of 
•more than 1 00,000 separate spots in the image 
must be recorded each time. Thus the trans- 
mitter and the receiver must be able in each 
second to send and receive about 4 million clues 
to^ what is happening in the television studio. 

The early attenjpts at scanning were mechani- 
cal. In 1884 a German called Nipkow invented 
a revolving disk, in which he pierced holesf in a 
spiral shape. Light was thrown through the 
• holes, which lit up various parts of'a picture in 
regular order. Later another inventor devised a 
revolving drum of mirrors for the same purpose. 
But no mechanical apparatus was quick enough*; 
the scanning had to be electrical. 4 igh- frequency 
oscillations in an electronic circuit can number 
millions in a second, and if those oscillations 
could be influenced by the 100,000 details of 
light and shade thirty times a second, the prob- 
lem would be solved. 

The answer was found in scanning by elec- 
tronic tube, a task now carried out by an 
instrument known as the iconoscope. When the 
television camera is pointed at the image, the 
light rays from the image fall on a sensitive plate 
at the back of the iconoscope. This plate is made 
up of hundreds of thousands of sensitive particles, 
each insulated from the other, and each elec- 
trically responsive to the light and shade of the 
minute part of the picture that fall upon it. The 
plate is somewhat like the layer of nerve-cells 
which form the retina at the back of the human 
eye. A stream of electrons from an electron 
‘gun’ is then directed at the plate, and moves 
across the partic les line by line, ratlier as the eye 
*moves across the lines of a printed page when 
one is reading. This movement of the stream 
of electrons does not mean the movement of any 
mechanical parts, but arises out of electronic 
oscillations. Its effect is to charge the sensitive 
particles of the plate with energy sufficient to 
set up a series of differing currents in a connect- 
ing ware. 

'I’he number of lines into which a television 
picture is divided varies with different systems. 
The system of interlaced scanning used in Britain 
is tcchnically^describcd as ‘405 lines, 25 frames 
per second’, lhat means the camera scans, or 
‘reads’, the picture in a series of lines — 10,125 of 
them^*pcr cccond. To overcome ‘flicker’ in the 
picture, the camera’s electrical ‘eye’ traverses 
the whole of the picture twice, reading alternate 


lines in one-fiftielh of a second, and the Inter- 
iHvdiate lings in the next fiftieth. This is the 
operation wx call ‘interlacing’, and each reading 
of the lines is kiiown as' a ‘field’. The '^effect 
obviously is to produce twenty-five c(fmplete pic- 
tures, or frames, every second! 

The first real sigi}.-post to modern television 
came in 1908, when the Britis^i experii^icnter, 

A. A. Campbell Swinton, suggested using elec- 
tn)nic tubes Vor this purpose. 

It was not until 1925 that John L. Baird in, 
Britain and Charles Jenkins in the United States 
gave the first public demorisfrations of television. 
I'hcy had been working on separate schemes, 
but both used mechanical scanning. I’hcy first 
transmitted outlines of figures, but within a few 
months Baird transmitted a living image in 
London, using an office-boy as his model. Baird’s 
experimental work gives him a permanent and 
honoured place among the pioneers of radio 
communication. His first ])ractical systems made 
use of the sensitivity to light of photo-electric 
cells; lalcr, he employed the intermediate-film 
process in w^hich the image is first photographed 
on moving film, which is then developed, washed, 
and fixed, so that it can be transmitted within 
20 or 30 seconds of being ‘shot’. Finally he used 
the clrctronic-tuf)e method. At the time of his 
death in ic).^h he was studying television in 
colour and in thi;ee dimensions (stereoscopic 
vision) . 

The next j>roblcm was to arrange to broadcast 
sound at the same time as vision, to receive both 
on the same aerial and in the .same,recciving set. 

In 1929 began an exjlTimental service from 
a B.B.C. transmitter. The service pas.sed topfull 

B. B.C. control in 1932. This early system sent 
out a new image only 1 2 1 times a second; it also 
gave less detail in each image, which meant that 
a fairly small range of Wavelknoths (q.v.) was 
needed; so Baird’s signals were radiated on 
261 metres, one of the normal medium-v^ave 
B.B.G. figures. 

In I934.the Postmaster-General (who acts on 
behalf of the Government in giving the B.B.C. 
permission to carry on broadcasting) ask(*d 
a committee to advise him on the various 
systems. As a result, an official B.B.C., service 
began at Alexandra Palace, north London, on 
2 November 1936, and for the next 4 month* 
used alternately the Baird system and an elet 
tronic-tube system known as the Marconi-E^M.I 
In 1937, as advised by the committee^ il\c B.B (" 
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aclopLecl the Marconi-E,M. I. system exclusively. 
I'his brought into reguhir use an outstanding 
device, the ‘Eroitroii’ camera, which was based 
on the iconoscope invented by Dr. Vladimir 
Zwuiykin of ^he United Stales in 

Competition in tele\asion methods was intro- 
duced in Jh'ilain following the setting up of the 
Independent I’elevision Authority in iu .')4 
BROAnoAsnxo Cokporaiions, Section ‘2) 

I^atest develo])ments have led to expeiiinents 
ill coloured television, as well as stereoscopic 
television, in which images will appear to be 
solid^ and not flat. 

For* the high-deflnilion television of today, 
with its great variety of detail, a wieje band ot 
wavelengths is necessai^". lo crowd a great 
number of w avelengths together to ai ieve this 
detail* meant using very short waves [see VVavk- 
LENGTHs), as these take up less room in a wave- 
band. t^ery short wax es do not reach x ery lar 
from the transmitter, riicy do not make their 
way round, the curve ol the earth’s surlace, as 
most wireless waves do; in a general sense it is 
true lo say^that they c.innot reach any receiver 


w'hich is not within sight of the transmitting 
aerial. 

The problem is even more diflicult in countries 
of vast dislaiicer, sut:h as the United States. An 
C' 'erimcnlal aircraft has been used as a relaying 
St. don. The aircral't was fitted with apparatus 
for ])icking up the vision signals from the main 
sending station on the ground, and for re-trans-* 
nutting them while in flight. The higher the 
aei’opianc, llie greater the stretch of country 
within its range, and so the wider the area of 
jv'r^rptioii. Carding over Pittsburgh at a height 
of 25,000 feet, the aircraft picked up the signals 
from a transmitter at \\ asliiiigtoii, and, it was 
claimed, relayed them satisfactorily over an area 
525 lu’ "s wide. 

( .list) Tk n KT Transmission; Siiori'-wave Wiki i 1 
Sre also \'ol. \ 1 H . Ti.i l\ ision Enoini i Rise., 

*Scc also Vol. IX; Ti i.evision. 

TELEX, see Tm-kprin i er. 

TEST FLYING, see Vol. Vll: .Vrcraft In- 

DUSTRY. 
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TIBETAN LANGUAGE, see Chi^jese Lan- 

CUAGE. 

TIME-TABLES • All forms of transport which 
run regularly work to a time-table of some sort. 
Railway time-tables arc the most complicated; 
siAce'^ all trains in any one direction have to use 
the same set of lines, delay and accidents would 
occur if exact timing to a' minute were not 
planned out beforehand for every journey.* 

A graph is the basis of all railway time-tables. 
Large sheets of squared paper are used, with 
the 24 hours of the day marked along the 
top, and the stations and sidings of the sec- 
tion of line concerned marked down the side. 
Across these sheets the paths i.f the trains are 
plotted; a steep line indicates high speed, such 
as that of a streamlined express train, and every 
flattening of the inclination indicates a reduction 
of speed. Horizontal breaks in any train-line 
indicate stops. From such diagrams a compre- 
hensive view of the train service may be obtained, 
and it is easy to see how train-paths might be 
improved, or paths for new trains found. 

From the graphs the printed time-tables are 
compiled. In Great Britain the practice is now 
to issue these twice a year, the summer service 
about' mid-May and the winter service about 
the beginning of October. The time-table books 
issued to the public are in the familiar form of 
Bradshaw*s Guide, The A.B.C. Guide is an alpha- 
betical guide to trains from London to all other 
British stations. The large sheets posted at the 
stations have to be compiled and printed, as 
well as the more complicated railway working 
time-tables, which give much information not 
‘accessible to the general public but necessary 
for all members of the staff concerned in operat- 
ing the trains. This information includes the 
times at which non-stopping trains pass the prin- 
cipal stations and junctions, the working of 
empty carriages, freight trains, light engines, and 
so on, and many operating details. To avoid 
unnecessarily bulky books and excessive cost, 
the working books are sectionalized into a num- 
ber of parts, and the various members of the 
staff arc given only the section or sections with 
which they a|;c concerned. 

At monthly intervals supplements are printed 
for both the public and the working books, show- 
ing ajly interim changes in times or any train 
additions or cancellations. A bigger task still is 
the preparation of the staff weekly working 


notices, which list the special trains to be run 
ckaring the \yeek of their currency. A companion 
weekly issue is that foi^ whiqh the civil engineer- 
ing departments are responsible, showing the 
various engineering works that may make speed 
restrictions necessary, the appearance ind pqr- 
pose of new and alt^'red signals, and so on. In 
railway working, nothing is jeftr to chanie; -and 
as little a^ possible to last-minute improvisation. 

See also Stations, Railway; Railwaymen. 

TITANIC, see Climate and Communications, 
Section 3. 

TOLLGATE, see Turnpike. 

TONNAGE. Tonnage is a measurement of the 
size or capacity of a ship. The term originated 
in the early days of British merchant shipping, 
when the principal trade was the importation of 
wine from France. The casks in which the wine 
came were known as ‘tuns’, and were all about 
the same size. The size of the ships varied, and 
it became the practice to differentiate between 
them by saying how many tuns they carried. 
Even if ships were not carrying wine, their 
capacity was estimated by this method. Gradu- 
ally the word changed its spelling and became 
‘ton’. 

Tonnage is now calculated in four different 
ways. Displacement tonnage is the weight of 
water displaced by the ship, and is in fact the 
actual weight of thq vessel. This term is .used 
mostly in relation to w^arships. Deadweight ton- 
nage is the weight of cargo, bunkers, water, and 
consumable stores nece&ary to load the ship 
down to the Plimsoll mark (see Safety at Sca) . 

Gross tonnage is a measure of capacity, the 
ton in this case being 100 cubic feet of capacity. 
Certain spaces in the ship arc excluded from 
measurement. They are: open-shelter deck 
space; any closed-in space fitted for machinery, 
other than the main engine room ; wheel-houses ; 
galleys, buildings on the upper deck for the 
shelter of • passengers ; and t\ic ship’s double 
bottom. 

Net register tonnage is the measure qf the 
cubic space available for the carriage of cargo 
and passengers, and is used as the basis for har- 
bour charg^. It is calculated by subtractini^ 
non-profit-earning spaces, that is, spaces fo> 
machinery, ballast tanks, and living-room fol 
the crew, from the gross tonnage. 

See also Vol. VII : Shipping. 



TOWER BRIDGE. This is the last bridge 
across the Thames down the river^ Just abet^e 
the bridge lies a part of ^hat is called the Pool 
of Ldhdon, to which large ships can have access 
because the roadway of Tower Bridge can bsS 
lifted, on the principle of a drawbridge, to let 
them through. The bridge was built in 1894 
from’ iff design by Sir Horace Jones, and is the 
largest bridge of'thc ‘bascule’ type in the world. 

^ A bascule bridge is one which ian be lifted, 

. cither to allow passage under it or pre\ ent pas- 
sage across it, by a lever apparatus. A short 
bascule bridge, such as is often found on canals 
or in docks and harbours, is lifted in one piece 
from one end only; a long bridge is generally 
opened in two halves by lifting apparatus at each 
end. The bascule bridge built over the River 
Ouse in 1839 can be opened by two men in a 
minute and a half, making a passage 45 feet 
wide for ships. 

The two heavy Gothic towers of the Tower 
bascule bridge are built of grey granite and hard 
red brick. Within them is the machinery for 
liftuig the leaves of the iron drawbridge which 
runs between them across the centre of the river. 
These leaves, when open, stand upright against 
the towers, allowing a clearance of some 135 feet 
at high water. When closed, the bridge allows 
clearance for all ordinary river traffic. I’he 
opening and closing of thq drawbridge takes 
about 4 or 5 minutes. Foot passengers ( an cross 
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CaUrptllar Tractor Co., U.S A 

A ‘caterpillar* difsel tractor 

for wheels of a very large diameter, especially 
when under a heavy load, tend to sink into the 
ground, so that the softer the ground the greater 
the effort needed to move the wheels. The first 
‘caterpillar’ or ‘track-laying’ yehicle had two 
endless chain tracks or metal belts, which gripped 
the ground by means of bars or indentations 
running transversely. The inside of the track 
took the weight of the vehicle on several roller 
or idlei wheels (w^hecls not connected with the 
engine). Power from the engine was transmitted 
through a series of gears to two toothed (or 
‘sprocket’) wheels on either side of the machine, 


when the draw'bridgc is up by an upper footway 
suspended between the towers and reached by 
lifts or staircases inside the towers, bridges fiom 
these towers to the erAbankment on each side 
are«built on the suspension principle. 

The bascule bridge is a rather slow and clumsy 
device for making crossways over rivers along 
w’hich big .ships must passi Modern suspension 
bridges can be built high enough for the biggest 
ocean ships to pass under {^ee Bridgls). Farther 
dowm die Thames the rivei is crossed by Tunnels 
(q.v.)*at Rotherhidie and Blackwall, 

Scr also London I^ridof. 

See also Vol. Ill: London (picture); Ti ames. 

tra):!K circuit, see Electric Signalling, 
Railw^iy, Section 2. 

TRACKED VEHICLES. A tracked vehicle is 
one whose wheels run on a road or track which 
it lays itself as it goes. The track is to provide 
the wheuels.with a firm surface on which to run, 


which fitted into corresponding teeth or grooves 
>n the track. 

The principle w^as first used in 1900, and the 
tiack was also adapted for pneumatic-tired 
vehicles. The possibilities of the invention were 
most fully exploited by the army, who found* 
these vehicles useful for ciossing difficult country\ 
Several machines wTre fitted with tracks from 
1910 to 1914, before the First World War. The 
Ivlea of the endless chain was then applied to 
tractors in the United States by a man named 
Holt; and his >vork led to further development 
in the tracked vehicle by the army, especially 
durii the First AVorld War, when armoured 
caterpillar tractors and later 1 anks (q.v. Vol. X) , 
were used. 

Besides being useful in war, the tracked vehicle 
is valuable in the production of food and for 
building. On farms, ‘caterpillar’ or ‘crawler’ 
tractors, as they are ’often called, are Used to 
plough and harvest fields where the ordinary 
wheeled vehicle would be unable to go. In any 
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place where there 'are no roads the tracked 
vehicle is invaluable. A tractor fitted with 
endless tracks can be taken across ditches and 
over boggy fields, and can surmount the most 
difficult obstacles. It can also draw any type 
of agricultural machinery {see Powkr for 
Farming, Vol. VI). 

Tracked machines such as the ‘bulldozer’ arc 
used in civil engineering for clearing and levelling 
the ground, and for demolition, especially in 
roadmaking, where work has to be done over 
undulating surfaces, and where vast quantities 
of earth have to be moved. Tracked vehicles 
have also been used over snow or hard frozen 
ground {see Snow and Ice Tp wel), the tracks 
being made of rubber, joined together by flexible 
steel bands, so that they can be used on the roads 
as well. Tracked vehicles arc now much faster 
than they were when first invented; some can 
travel at a rate of 60 miles an hour on level 
ground. 

See also \ c)I. VI 11* Track Micti\nism. 

TRADE ROUTES. Almost all communica- 
tion, ancient and modern, is connected with 
trade. The attempt to discover details about 
ancient and medieval trade routes is exciting 
and baffling, for merchants are not generally 
writers. We have to piece together their story 
from the stray finds of explorers, or from chance 
facts mentioned for some dilTerent purpose by 
ancient writers. How did a piece of Irish gold, 
or indeed a piece of white nephrite, a stone 
found no nearer than China, reach I’roy, in 
Asia Minor, about the year 2000 b.g.? How 
did an Eg)q)tian glass bead come to be buried 
with a chieftain in his ‘long barrow’ in England, 
about that same time? We cannot answer. 
Earlier than 3000 b.c. there came to Ur in 
Mesopotamia, a great commercial city even by 
the standards of to-day {ue Sumerians, Vol. I), 
lapis lazuli stones from the Pamirs in Central 
Asia, goods from the Indus valley (doubtless by 
sea and up the Persian Gulf), anc’ silver from 
Syria. Objects from Ur have been found in 
Egypt But of the details of these contacts, next 
to nothing is known. There are written Accords 
of Egyptian oicpeditions by sea to the ‘Land of 
Punt* (Somaliland; not much later, expeditions 
which brought back cargo^'S of ebony and myrrh, 
and some df'King Solomoh’s ticasurc may have 
come from as far afield. But the expeditions ol 
these distant limes were not made along beaten 


tracks of trade routes. Nevertheless, the track- 
v^kys along the ridges of the English Downs {see 
Roads, British) may have -been regularly used 
by traders in the Bronze Age, soon after 2000 b.c., 
iknd local trade was certainly considerable at a 
tiipe when men were able to transport the ‘blue’ 
stones for the smaller circle of ‘Stonehenge 
(q.v. Vol. I) from Prescclly in^ Pembroiicshire 
to the heart of Wiltshire. 

Both legend and the finds of archaeologists 
show that the travels of the Cretans 1500 b.g. 
extended to Sicily and the western Mediter- 
ranean as well as to Greece, Syria, and Egypt 
{see Minoans, Vol. I). The Phoenicians (q.v. 
Vol. I) for many centuries from about the 12th 
century b.g. sailed from Syria to Egypt, west- 
wards to Carthage and Spain, and through the 
Pillars of Hercules (Straits of Gibraltar) to 
Britain whence they fetched tin. The (jieek 
traders of the Mediterranean from the 7th to the 
4th centuries b.g. were less adventurous, carry- 
ing mainly olive-oil, wheat, wool, and herbs — 
the necessities of life — to and from southern 
Russia, the eastern Balkans, and north Africa. 
The sea route from Athens to Italy carried so 
many Greek painted vases of this period that 
archaeologists, finding these in Italian graves, 
ihouglit that they must have been made in 
Italy; but they came, in fact, from the factorie.s 
of Corinth or Athens. Many (ireek cities lived 
by this foreign trade, and Athens, in particular, 
depended on food from abroad; In the f^th £'en- 
lury B.c. cities were already scheming to control 
trade routes because of the political power tliat 
this would bring. When Athens lost eontiol of 
the sea route through the Dardanelles, by wlfi( li 
corn was brought from the lands on the north 
of the Black Sea, she was doomed to starvation 
or surrender (405 b.g*.). 

We begin now to trace more definitely the line^ 
of routes stretching out fiir beyond the Mediter- 
ranean lands. Thus amber from the Baltic cumi' 
across central Europe by way of the Rivers Rhine 
and Rhone, or the River Elbe and the Brenner 
Pass in the Alps, or the Rivers Vistula and 
Dniester. Little was known about the lanc^froni 
which it came, the land ‘at the back of the north 
wind*. • 

The conquests made by Alexander tiil 
Great (q.v. Vol. V) opened up vast new regions, 
including India, to Mediterranean traders, an( 
in course of time Alexandria in Egypt grew to !>< 
a city of more than a million people, thfougl 
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trading republics, « V^ce and GenVda (qq.v. 
Vol. III). Venice thrust her influence as far as 
•the ports of Vhe Black Sea to secure the western 
end of the caravan routes. She had a fleet of 
trading galleys, which came* round every yq^r 
into* the Bay of Biscay, and up the Channel, 
calling at English and Flemish ports, bringing 
eastern products, sjich as silks, spices, and sugar, 
to exchange for raw wool and cloth {see Trade, 
History of, Vol. VII). ' 

It was from Venice that Marco Polo (q.v. 
•Vol. V) set out to visit the fabulouli East. For 
most of the journey he followed the tvay that the 
caravans had been taking for centuries; but he 
made a diversion south to Hormuz on the Per- 
sian Gulf, one terminus of the ^ea route from 
China. From Hormuz he went up through 
Persia to Herat and Balkh (Afghanistan), then 
along the ancient track through eastern Turkis- 
tan which led by way of Kashgar, Yarkand, and 
Khotan, across Lop Nor, and so at last to Peking. 
‘Out of this city’, he wrote, ‘go every day a 
thousand cartloads of silk.’ When he came back 
years later to Venice (having made the journey 
by sea, by way of the Straits of Malacca and 
Ceylon, with jewels stuffing the lining of his 
clothes) he wrote down his gorgeous account of 
the rich East, which fired the imagination of 
western adventurers for centuries. For, not long 
after his return, disturbances in Asia closed the 
routes that he had followed, and other routes 
had to be found for reaching China, 

Diaz and Vasco da Gama chose the route by 
the south of Africa {see Exploration), On their 
way they found the Guinea coast, from which 
the Sahara caravans had brought, from time 
immemorial, gold dust to the north African 
ports. Da Gama, in reaching India by sea from 
western Europe, oy>ened up a new route of incal- 
culable importance. Columbus, a Genoese, set 
out to find a bolder way to China across the 
western ocean and round the world; though it 
was a generation before the route of which he 
was pioneer began to prosper. Then it was not 
the China trade but the gold of Peru that made 
its fortunes. Meanwhile in the Far East the 
Portuguese were pushing their way round into 
the China se^. They were followed, later, by 
the Dutch, who made the Cape of Good Hope 
one of their trading sttition.*^. 

The/Engfish set out to find yet another new 
route of their own. Men were beginning to think 
of the world as a globe. Anyone who tries with 


a piece of thread on a globe to find the shortest 
wtiy from Lpndon to Peking will discover that 
it passes through the'Arc^jc Circle, north of 
Siberia, and is about the length of the .shortest 
route from London to Panama. So English 
sai]|prs attempted again and again to find the 
‘great-circle route’ qf the north-oast and the 
north-west passages to China.^ Al*! things aremed 
possible tp that wonderful generation of Eliza- 
bethans. ‘There is no land unhabitable, and no 
sea innavigable’ wrote one of them. The explora- 
tions in the north-east opened up a route by the 
White Sea to Moscow, anc^ English merchant 
explorers attempted to pass thence overland to 
China. They reached Persia, with which English 
merchants of the Levant Company had already 
made contact through the Mediterranean {see 
Merchant Adventurers, Vol. VII). 

By the mid- 17 th century the pattern of the 
great sea routes was already traced — with few 
exceptions. For a hundred years, till the abolition 
of the slave trade, there was a constant traffic of 
Liverpool ships from West Africa to the West 
Indies carrying slaves. And it was not till •the 
opening of the Suez Canal in 1869 and the 
Panama Canal in 1914 (qq-v.) that the present 
tracks of ihe oceans were finally established. A 
map has been made showing the position of ever>^ 
British ship at sea on i January 1912. It shows 
three thick bands reaching from the Channel; 
west to Halifax and New York; south-w'cst to 
Buenos Aires; and through the Mediterranean 
and Red Sea to the Far East. A thinner chain 
girdles almost all the coastlines of the world, 
except in the far north. 

The last hundred years have seen the opening 
of vast new inland routes. The Mississippi- 
Missouri river system was opened up in the early 
days of the steamship {see River Navigation). 
Two generations later, transcontinental railways 
in the U.S.A. and Canada opened up the trade 
of the prairies {see Railway Systems) , The ‘giaE^at- 
circle’ routes of air transport have brought Africa 
within a few hours of London,, and the journey 
to any part of the world is a matter not of months 
but of days {see Civil Aviation). ^ 

Sre also ExPLORA'noN; Navigation, History of; Por 1^, 
History of; Roads, History of; Sea Travel. , 

See abo Vol. VII : Commerce; Lxciianob and Tradi 
Overseas TraAe. 

TRAFFIC CONTROL, see Road Trafh' 
Control; Train Controi,; Rui.e of the Roai 




THAFFIC-LIGHTS, see Road Traffic Con- 

IROL. 

TRAILER, see Motor Transport. 

TRAIN CONTROL. Many central traffic- 
control offices have been set up in the railways, 
so tjiat the m©vemcnt of the trains can be kept 
constantly under review, and the best use made 
of locomotives and train crews. 

The principal maiA lines are divided into a 
se^yes of controls, and there are further controls 
in busy areas, each with its control office. Large 
panels on the walls of the control office show the 
whole of the area, divided into sections, each in 
charge of a separate member of the control staff. 
The control office can receive information by 
telephone from every signalbox and yardmaster 
in the area; the position of every freight train in 
the area, moving or standing, is mj^rl^t^d on the 
diagrams; the information includes ffie identity 
number of the engine, the number of wagons, 
the names of the driver, fireman, and guard, and 
the time at which they arc due for relief. 
Although some freedom is allowed to individual 
signalmen in controlling the movements of the 
freight ttains, especially in keeping them clear 
of passenger trains, the general direction of the 
traffic conics from the control offices, which keep 


accurate and detailed records of all that has 
happened in their areas throughout the day. 

'I’he most complete traffic-control systems in 
Britain are those of the western and midland 
divisions of the London Midland Region. The 
central ‘brain’ of the complex western division 
is the control office at Crewe. I’his applies the 
‘master’ control over train movements through- 
out the 299 miles between Euston and Carlisle, 
and can also communicate at any moment with 
ny part of the 2,400 route-miles of line in the 
ixvision. Every morning the district operating 
superintendent at Crewe holds a conference by 
telephone with his district controllers, scattered 
over the entire division. His staff at Crewe 
numbers thirty, and, as at all control offices, 
works 24 hours a day in relays. 

Centralized traffic control or ‘C.T.C.’ is much 
used in the U.S.A., especially on single lines. The 
large and very powerful American locomotives, 
and the long distances to be covered, have led 
the ^ railwiiys to concentrate the traffic in 
relatively few and very heavy trains, as against 
the British practice of a frequent service of lighter 
trains. Many important American main lines, 
panicularly in the west, are therefore single- 
tracked, often for hundreds of miles continuously, 
and many of these fines, run by ‘C-T.C.’, can 
carry a daily tonnage both ways nearly equal to 
that of double-track lines. A central control 


TRAIN CONTROL 


460 



A diagiam ol the loutes can bf s( ( n above the switchboard 


ofli^c contains ckctiically illuminated diagrams 
winch show iht [losition ol every tram in the aica 
controlled, «Tnd small thumb switches allow all 
the signals and points, even at stations 50 miles or 
more away, to be worked from the same central 
control room At mtcivals on a single line theie 
aie passing loops, so that trams travelling 111 
opposite directions can pass one another '1 hese 
loops are veiy long, and the contiol from the 
‘C 1 G ’ IS so accurate that two trains olten pass 
at a loop without stopping. Some ol the fastest 
American stieamhned passenger expresses lun 
over single tiacks foi part of their route 

See also Auiomaik Sionai i ino , Signaj lin<,, Rahway 

TRAINER AIRCRAFT, ^ee Airu k \f i , Si»l( i \l 
Uses. 

TRAIN FERI\;F, sec 1 1 uuY, Tk \in 

TRAINING-SHIP. In i training-ship boys arc 
educated as<hey would be^l school or college, 
and they also become lamihar with ships and 
the sea. In the early years of the present century 


most Euiopean i oun/ries had sea-gomg tiaining- 
ships, these weie sailing-vessels, since cvi ri afn r 
the advent ol steam jnopulsion it w^as considcijcd, 
and still IS in the bcandinavian countiics, that 
training m a saihng-ship made the best seamen 
Beloie the 1 irst Woild W aU the White Stai lane 
(now' absoibcd in the Cunard White Star laiw) 
maintained the sea-going tnnning or cadet sliip 
Mersey [or those who wished to qualify as deck- 
officers in ships run by* the associated companies 
of this line. Twej other sea-going tuining ships 
were kept up by a private firm which supphcxl 
cadets to other shipiiing c ompanies 1 hese \ eskcls 
were all sailing-ships 

There arcfcnow lour merchant-service training- 
ships m Britain. They do not go to sea, but are 
moored permanently near their swimming-b<jths, 
sports giounds, lecture halls, and dormitories on 
shore. They still give a practical training ip rope 
w'ork, boat cojistruction, sailing, and the use of 
sails in large ships; but their principal advantage 
over training-schools entirely on shore is that 
they give the ship atmosphere: watchkeeping is 
part of the routine, and nautical word* ape used 
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all the time. The Arelhusa provides training for 
boys of good character who are tenable to pay 
feesjand the Mercurj/ is ahind Ofsccondary school 
for roure ships’ officers ; H.M'.S. Conway (founded 
in 1859) ahd H.M.S. Worcester (founded in i8Ga) 
are akih to public schools of the sea. 

Sec also Veil. X: Naval Tk^iningi 

TRAINS, SPECIAL USES. Apar.t from the 
ordinary passenger and goods services, mUny 
trains are run for special purposes and aie there- 
fore spec ially equipped. 

I. Royal Trains. Special coaches are used- 
for journeys made by royalty. A train with 
separate sleeping-saloons for the King and 
Qticen, and other sleeping-cars for their suite, 
is chosen for long jcjurneys, as between London 
and Ballater (for Balmoral) ; another train makes 
the shorter journeys, as from King's Gross to 
Sandringham. If the King or Queen arc travel- 
ling, special timetables are prepared, and pre- 
cautions are taken to patrol the line to guard 
again?^ mishap or delay. 

a. Hospital Trains, These are run in war- 
time to carry the wounded to hospital. They 


^ IRAINS, SPECIAL USES 

are made* up t)l ainbulaTic*; (lafs, with berths for ’ 
a 1 1C 1\ ing-down cases and .a space for seated 
patients, a restaurant car, and i car for the 
medical staff. 

, 3- Armoured Trains. The armoured trains 
of the period of the South African War (iBqq- 
were mostly formations of wagons, heavily 
covered with steel, which carried mobile guns. 
They were drawn ’by locomotives pi^otected with 
aiirtour-plate. Self-propelled guns make §uch 
trains unnecessary in modern war, but an 
aimoured \rain is sometimes used as a mobile 
niilitai7 headquarters. 

4. Perish ABLE- c;ooDS Trains. Many special 
trains are run to carry foodstuffs. Fish trains 
travel at express-passenger speed; there are also 
meat trains composed of refrigerator wagons, 
and Iruit trains in which the fruit, such as 
bananas, must be kept at an even temperature. 
1 he wagons for these trains aie fitted with con- 
tinuous brakes {see Brakes, Railway). 

5. Cattle Trains. Special wagons with ad- 
justable partitions are built for live cattle, so 
that they may be carried standing, without being 
thrown over by sudden starts or stops or uncom- 
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fortably packed. Oomplete cattle trains are run, 
as'far as possible,* as this simplifies the work of 
watering and feeding the animals on the way. 

6. Boat Trains. Apart from the regular 
express trains* between Loncfon and the ports 
from which the ships sail to Ireland and the 
continent, many special boat trains are run for 
Transadantic and ^ther ocean lineb. To carry 
the passengers and luggage for the Q^een Mary 
or Queen Euzabeth (q.v.), for example,* as 
many as seven or eight special trains may be 
needed between Waterloo and Soutliampton. 

TRAMP SHIP, see Ship. 

TRAMWAY. The tramcar, a passenger-carry- 
ing vehicle running on lines through the streets, 
was invented in New York in 1830, by an Irish 
coachbuilder named John Stephenson. In 1832, 
work began on the first tramway, the New York 
and Harlem Railroad. About 20 years later 
tramways were opened in other parts of the 
U.S.A., and were later established in other 
countries, such as France and Great Britain. 
The first trams were horse-drawn, but as tram- 
ways developed, experiments were made in the 
use of other Unds of power. Steam, for example, 
was used to some extent in Great Britain in the 


i88o’s and 1890’s, and is still used in some Gon- 
tirfental countries. In many places, such as Sah 
Francisco, which \s built om steep hills, ^din- 
burgh, and Melbourne, cable tramways were 
ilscd for some time. These were worked by a 
cable running beneath the road, engaged by a 
grip rod from the tram through a* continuous 
slot in the road. 

The most iipportant development in tramways 
was, of course, the introduction of electric: pbwer.. 
The first commercial electric tramway was 
opened at Lichterfelde, near Berlin, on 12 May 
‘1881. The first electric system in Great Britain 
was the Giant’s Causeway line between Portrush 
and Bushmills in Ulster. In this, current was 
taken from a third rail. The use of overhead 
wires was developed first in Germany, and then 
in the United States, before it spread elsewhere. 
In later years conduit tramway systems were 
established in some places, notably in pacrts of 
London. In these the conductor rail was below 
ground and was contacted with a ‘shoe’. The 
conduit s^^tem was, however, expensive to con- 
struct and maintain. 

The use of double-deck tramcars is confined 
almost entirely to Great Britain, but many single- 
deck trams in other countries can carry as many 
passengers because there is room for them to 
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stand. In Stockholm, for example, modern 
trams carry 104, of whom 70 are; expectedkto 
sta^jd. Often, one ©r more trailers are attached 
to a fram, and in some countries, such as Bel- 
gium, France, ar]^d t»hc Netherlands, many of thi' 
trams are more like trains with several carriages, 
running on'Ci kind of lighUraihray, 

• Tr«[Vncars Oan, move greater loads more 
smoothly than can buses, and, whei\ electricity 
is chc&p, they are more economical. Since the 
Second World War, however, the incrc.ised cost 
of electricity and <jf essential materials, such as 
copper and steel, has resulted in many tramways- 
being taken up and buses used instead. Trams 
have been more developed in North America, 
bu\ even there the statistics for 1 948 showed that 
the number had dwindled by a quarter in 2 years. 
In Stockholm tramways have been converted 
into light railways, with an underground section 
in the centre of the city ; and a similar plan has 
been put forward for Glasgow. Many towns 
have now replaced trams with trolley-bus routes, 
jx’-- Trolley-bus. 

TRANS-SIBERIAN RAILWAY, see Railway 
Systems. 

TRAVEL AGENCIES. These aic fnins whose 
business is to relieve a traveller of his major 
worries •and anxieties. 'Lhe story of travel 
agencies is largely the story of 'fhoinas Cook 
(1808-92), a hative of Melbourne, Derbyshire, 
who started work as a gardener’s help at the age 
of 10 and founded tlie company ol Thomas 
Cook and Son, which^is still one of the foremost 
iicfmes associated with touring. 

The germ of Cook’s business lay in his con- 
nexion with the temperance movement, which 
he strongly supported. A rtiass temperance meet- 
ing had been arranged in Loughborough, in 
July 1841, soon after the opening of the first 
railways, and Cook suggested to a railway com- 
pany that they run a special train to the meeting 
from Leicester. .The company agreed, and car- 
ried 570 passengers there and back ^ a shilling 
eacl}. This proved so successful tliat Cook was 
asked to plan and conduct outings of temperance 
societies and Sunday-school children during the 
following three summers. In 184^5 nc gave uj) 
his other occupations and settled in Leicester 
to concelltrate on organizing excursions, being 
paid by the Midland Railway a percentage of 
the Inoney received for all the tickets he sold. 


One of tile first pleasure, tfips he arranged was 
from Leicester to Liverpool^ (jn 4 August 1845. 
To ensure its smooth running Gbok went in. 
advance round the places to be visited and pre- 
pared a ‘handbook of the trip’; lit* also arranged 
accommodation for his party with ho tel-k(;epcrs 

His next excursion was slightly more atlvtn- 
turous: he ccynducted 350 tourists from Leicester 
to Glasgow, at orie guinea each. At Glasgovc 
they were welcomed with bands and a salute of 
guns. Wlien the Paris Exhibition openeci in 
1851 he planned an excursion from Leicester 
to Calais, lAs first excursion abroad. Next year 
began his ‘grand circular tours’ of Europe. In 
1863 he took a party to Switzerland, and in 
1O64 to Italy. 

The number of tourists had become too many 
for his personal guidance, and so he started the 
business ol' issuing tickets for British and Euro- 
pean destinations, the purchasers travelling on 
their own account. In 1864 his son, John Mason 
Cook, joined him in partnership, and next year 
they moved to London to open up the head ollice 
of Thomas Cook and Son. From that time on 
their business expanded very quickly and the 
company’s network of offices spread all round 
tlie world. 

Many other agencies have since coitie into 
competilion, in various countries, to serve the 
ever-growing needs of travel. Their tasks are 
now, principally, the issue of rail, steamer, and 
air tickets, hotel reservations, the provision of 
’ -lides and interpreters, the dispatch of baggage, 

mey exchange, and the supply of Travellers’ 
Cneques {see Banking, Vol. VII). 

TRAVEL-BOOKS AND GUIDE-BOOKS. In 

every age men have been curious about the 
world beyond their own sea or their own moun- 
tain range, and from Herodotus (q.v Vol. Vj 
Oiiwards there have been travellers and writers 
to satisfy their curiosity. The greatest of medieval 
traveller- writers was the Venetian Marco Polo 
(q.v. Vol. V), who spent 24 years (1271-95) at 
the of the Grand Khan of Tartary, or 

travelling there and back. His long account, 
dictated in French while a prisoner of war of the 
Genoese, was translated into n^ny languages 
and became a classic all over Europe. 

The 1 6th century brought the great outburst 
of Explora'i ion (q.v.) of which a ftoblcf^part is 
recorded in Richard Hakluyt’s Principal Naviga- 
tions Voiages and Discoveries of the English Nation 
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A B1 IDC I 0\ 1 R IHF BI ACK TU I R A BRWf II OF TIIF SFM ( \l 

Engraving after Mungo Park, irom lus Fraich in the JnUrtor Dutruis nj \fn // 17))^ luib ttiiliori) • 


(1589) By the iBthccntun, Docks of travel had the pccuhaiitics and customs of s icmotc a^iul 

become one ol the most populai classes ot pohtt s.iva^t quaitei ot iht kingdom, Mr Boswt 11 pub- 

hterature, and alongside the stories ol advcntuies lished a diaiv of an agiec able and aijiusmg toui 

and discovery tlure was growing up amw Duiing the iqth c(n*^uiv t 4 ie great nairalivts ol 

ot travel-book, tlie light, charming, unpretentious explorition mostlv dealt with Miica M 111 go 
n*arrativc ot wandt rings through couritiRs that, Paik s I rat eh to the Source oj tJu (i8ic)) and 

though strange and pietunsquc, are perfcctlv Stanley s Through the Dark Continent (1878) aie 

well known The Jurhsh Letters of Ogicr de famous examph s Boojys wt re also w ritten about 

Busbecq, a llemish nobleman who was ambas- the interior of South Ameiica and the Pol ir 
sador at the Canirt ot the Sultan Sulaiman Re'gions As late as iq Beitiam 1 homas eould 

the Magnificent in lyy^ 62, is an eaily and dironiclc in Arabia Idix the story fit the fust 

pleasant example ot this new kind it was laiiopean c lossmg ot the r^oo-milt-wide ‘Lmpt) 

published in English in 1(194, have (^uaitcr ot^ Arabia which 1 E Lawienct 

inspired Lady Mary Woitley Montagu to write called ‘the last unwritten plot of earth’ 
home her ow n from Constantinople Travel-books may be written about am 

in 171b (lust published in 1 76^) The oldc r and counti'y into whic h some cx[)lorcr is bold enough 
newer types may be compared in a famous to venture Guide-books are written to rriect i 
pair of travel books Dr Samuel Johnson’s specific business demand, and so they providi 
Journey to the Western IsLunHs of Scotland zind different and* in some ways more valuable 

James Boswf IPs Journal of a Dour to the Hebrides ''vidcnce of the state of communications and the 
(1786)“ They were fellow travellers; but while habits of travellers Until 1830-40, when ^ihc 
Dr Johnson informed the educated public about first of Murray’s Handbooks and th^ fjrst of 
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!;^r:* - “ “-rt« .ravem„g 


had d^. wid. .h^.0 ^wr^h^rs n:rz“ 

har^^t all with hpw t <5 reach them. Tourists traveller is Iree, as his rail-bound grandsmwS 
usedlb visit Greece lA the 2nd century a.d. ; but grandfather) was not. He does not have so much 
after the break-up rfthc Roman Empire, tourism use 11, r a comprehensive account of the sights of 
travel tfecame so difficult that it was almost any one place; and should he want one, he'ean 
unknown uatiUhe 17th opntusy. Ihc nearest be fairly sure of finding a local publicatidi,‘in 
tlnngrfo tt in we Jiliddle Ages was the pilgrim a language he understands, which will tell him 
travel to the Holy Land, to Rome, anc^ to shrines most ol what hr ni^rds to know, 
jiuch as that of the Apostle St. James at C(>tn- » 

postcla in Spain; and little guide-books for the TRAVELLING POST OFFICE, see P'osi 
pilgrims were compiled. Even in the 17th and On ice, Modern. 

1 8th centuries tourists were mostly well-to-do • 


jicrsons travelling along the great highw ays with 
a certain degree of state, or else poor scholars 
whb expected to lie hard. CondiLif)ns of navel 
were unstable: you had to bargain for your 
lodging and your meal and your horse: it was 
more sensible to get hints from knowlcdgeablr 
friends about local conditions than to rcK on a 
guide-book which would probalily be quite out 
of date You turned to the guide-book as soon 
as you were safely iuo tailed. 

The growth during the iqtli c(*ntur^ ol an 
educated middle class, combined with the inven- 
tion of railways and steamship sci vires, produced 
a revolution in travel, and Murray and Baedeker 
showed the nature ol the change*. The traveller 
expected to be looked after all tlie way out and 
home ag^in. Murray and .Baedeker told him 
what clothes to take, what seasons to choose, 
ho\>t to be cortifortable on the ship and in the 


TRINITY HOUSE. The ancient body known 
as tlie Ciorpoiatlon ol '1 unity i louse, l.ondon, 

IS responsilile lot i .tohiholsls and LiiouisiiiPs, 
BcoYsfqq.v.), and other navigation marks round 
certain ol the coasts of Britain, and it is the chief 
authority foi controlling ships’ Pilots (q.v.). It 
also has ( harge ol some charities and ahnshijuses 
lor needy seamen and their dependants. 

i he origin ol the CorpiM'ation is uuknow n ; 
l)nt it has been ehumed that a body carrying out 
Its eaiK functions was established in the veiLm of 
Allred the* (heal. 'I’he (Corporation’s fust loyal 
ehaiUT was granted by Henry VI II. 

At the head ol the Corporation to-day. as in 
aiK ieiit times, is a master, assisted by people 
known as elder biethrcii and younger luethren. 
The master and some of the elder brethren aic 
generally eminent people who are olfeied the 
])osition as an honoui. The other ten e lder 


train, and how', on arrival, to get salclv from the ’ • hicn, wlu' urn the (lorpoiation, are elected 
railway station to one of a series of hotels w hose li . among expci iciu ed younger brclhien, all of 
prices and quality w'dfe iudieated. Only when whvjin are ollicers in the Navy or the Mercliaiit 
th» traveller was safely established ebd Murray Service. 


and Baedeker turn to sights and excursions, and 
here again hours, prices of admission, and similar 
practical questions have foremost place. 'I'hcsc 
Handbooks and Guides symbolize the railway age: 
their main routes are all railway (or steamshij)') 
routes, and a glance at a Baedeker publislied in 
any year around 1900 will show' how easy and 
smooth Europetjn travel had becoinc for the 
tourist ready to face the minor dis*^ nnloits of 
railv^ay travel. Later, other series modelled on 
the pattern of Murray and Baedeker, such as the 
Blue Gi^ideSy obtained a foothold. 

The development of motor-car juid air travel 
have produced in the Michelin and similar 
guides a throw-back to the i8th and early 19th 
centpry road-books, of which Cary s New Itinerary 
(1798) an outstanding example. Travelling 


TRIREME, see Classical Shirs. 

TROLLEY-BUS. this is a public vehicle dr iven 
b> electric pow er w hic h it rceeiv es li om overhead 
wires. Like the tram, it moves furw are! smoothly 
and rapidly, but it does not have the disadvan- 
tage of being confined to rails. The horsepow'er 
ol a n .Icrn trolley-bus varies according to the 
type of cliassis and the kind of seiwe for which 
it is intended. An average modern two-axle 
trolley-bus has a 100/ 120 horscpo\yer motor, and 
a ihrcc-axle trolley-bus one of 120/14^ horse- 
pow'er. The trolley-bus has a very quick rate of 
acceleration: from standstill position 'it can 
reach a speed of 25 miles an hour in as little as 
10 seconds. 
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Experiments wcr^ parried out with trolley- TUGS. These can be divided roughly into three 

buses ^ early as 1899 and, as with tramcars, cUlsses — ligl^erage tugs used for towiog lighters 

•much of the ^pioneer work was done in Germany, and barges, towdge tu'^s u^d for towing slj'ips, 

Trolley-buses were first installed successfully in and big ocean-going rescut or salvage tu^. 
Britain at Lteds, Bradford,* and Abcrdare jn • Mostofthe6,ooo'dumb*«barges(b*argeswith- 

i9ii,*to be followed by others at Rotherham, oukmeans of propulsion) daily carryingtargo to 

KSi^iley, and Dundee in the following year, and from ships in thg Port of London are towed 

They appeared oiv regular service fn the London by little lighterage tugs, driven /jy steamii op by 

area on 16 May 1931, betweeh Twickenham and internal cpmbustion engines. Great skill and a 

Teddington, on the route of what was thert the profound knowledge of the tides are needed by 

London United Tramways. By 1949 some 4,000 the tugmaster who threads his way through the 

•trolley-buses were at work in Great Britain, and traffic of the world’s busiest river with a tow of, 

5,700 in the United States. This flumber now * say, six barges carrying toget^ier up to 1,000 tons 

shows signs of declining. Trolley-buses have of cargo — as much as could be carried by 100 

been used to replace tramcars ir many placesj ordinary-sized lorries. 

but as costs and equipment have increased since Towage tugs are usually steam driven, ftnd 
the Second World War, oil-engined buses are are used chiefly to assist large ocean-going vessels 

being used increasingly for new conversion into and out of docks, or to and from riverside 

schemes. wharves. They do not so much tow the vessels 

See also Bus; Tramway, London Transport. as guide them and check their way, or hold them 

while they swing in the stream to anchor head-on 
TUBE RAILWAY, Underground Rail- to the tide. When the tug arrives alongside the 
WAY. incoming ship, a heaving line is thrown and is 



i 


, ^ " Cunard W htU hlM 

TUGS MANCEUVRINO THE LINER *qUEEN MARY* INTO HER BERTH aT SOUTHAMPTON ON 29 SEPTEMBER I946, AFTER HER4A8T 

VOYAGE AS A TROOP CARRIER 




f' 

then made fast to the great towing hawseh, 

» which aroiin turn hauled^ across th^ intcrveni'g 
wat^ The hawse^ss are secured to the tug’s 
slipping-hook, an ingenious device which permits 
the tugmen to release the rope in an emergency 
with a blow from a large mallet. A towage t»<ig’s 
successful working dcpenck upun the skill and 
cof-Of 5 «ration ol^lhe tugmaster and engineer. A 
good tugboat engineer will sense w]ieu an order 
is abofit to come over the bridge telegraph, and 
be ready to act almost before the telegraph gong 
in the engine-room has clanged. Towage tug^ 
from London saved thousands of tons of shipping 
at the evacuation in 1940 from Dunkirk by help- 
ing troopships amidst bombs and shell-fire, and 
towing to safety disabled ships which would other- 
wise have fallen into the hands of the enemy. 

There are not many large tugs devoted to 
salvage work, for they have to lie in port waiting 
with steam up for a radio call to go to the rescue 
of some ship in trouble. The expenses ot main- 
taining the tug in idleness are heavy, but a big 
job 01' vage (q.v.) successfully completed 
may bring the owners and crew a very large 
reward. The rescue tug must be prepared to go 
out in all weathers, and so has extremely power- 
ful engines (usually diesel). Speed is important, 
I’or the first tug alongside the .ship in truuble gets 
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tO” these tunnels, hidings tJio door under the 
hearthstone of a cottage or behind a firtcplace, 
so that it could not be reached while a fire was 
burning. 

There is hardly an old castle' or abbey in 
England without a legend about a tunnek and 
sometimes a piece of the tunnel can still be seen. 
Many of thtin, however, \irere only drains. 
Tunnels have often been made as a way of escape 
from prison. In the last two World W^rs, 
prisoners-of-war succeeded in making quite long 
escape tunnels in spite of the difficulty of having* 
practically do tools and of having to hide their 
activities from their guards. They ventilated 
them by means of home-made bellows and air 
tubes made of biscuit tins; sometimes they even 
fitted them with electric light. 

Modern tunnels made by engineers are con- 
structed to carry canals, railways, and roads. 
There are forty-five canal tunnels in England 
and Wales, the largest being the Standedge 
Tunnel on the Huddersfield narrow canal. It is 
5,415 yards long. The first canal tunnel in Eng- 
land was the Harccastle Old T unnel of 2 ,89 7 yards 
on the summit level of the Trent and Mersey; 
it was begun by James Brindley in 1766, and not 
finished until 1777. 

2. Railw^ay Tunnels. The simplest form of 


the job of salvage. T’he rescue tug sometimes 
tows dredgers or floating docks for long ocean 
voyages, sometimes half round the world. In 
1944 the largest fleet of tugs ever gathered 
together towed the concrete units of the ‘Mul- 
berry harbour’ across yie Channel to France for 
the invasion of the (kmtinent {see Si^pply Ser- 
vices (Military), Vol. X). 

Sec also Bargii ; Ports and Harbours. 

TUNNELS. 1. Tunnelling; is a difficult, expen- 
sive, and dangerous engineering feat. Before the 
19th century men had not acquired enough skill 
in engineering to carry out any extensive tunnel- 
ling. T unnels, however, were known in ancient 
times: they wero^ for instance, driven into the 
rock under the Pyramids of Egypt to ’ id to the 
buri^ chambers of the kings; and the Ramans 
built one in Rome for their chief draiii; parts of 
which still remain. 

In more recent times natural tunrysls, hollowed 
out of the rock by the sea, were frequently used 
by Smugglers (q^ . Vol. X) to bring their goods 
up from their boats unknown to the revenue men. 
The Smugglers made many ingenious entrances 


railway tunnelling is known as ‘cut-and-cover’. 
This consists in excavating a cutting, with 
vertical sides, and then roofing it over, a con- 
struction which is usually found only in towns. 
’ '-t the great majority of tunnels arc bored from 
t. two ends. If the depth of the bore below the 
smlace is not too great, shafts, generally vertical, 
are driven down to the line of the tunnel, sq 
that the driving of the tunnel may be begun at 
several points simultaneously, and the work thus 
hastened. These shafts are often used for the 
removal of the excavated material, and when 
ihe tunnel is complete, they are turned into 
ventilating shafts, acting like tall chimneys in 
drawing out smoke and fumes. 

Exceedingly accurate survey work is needed 
in turiiiciling — especially when a long tunnel is 
being driven from the two ends. There is no 
possibility of using any external checks to dis- 
cover if any deviation is being made from the 
centre-line that has been planned. High tem- 
peratures, foul air, breaking in of water and 
noxious gases, or colldpscs of the rock all add to 
the difficulties. The accounts of the Apennine, 
Simplon, and Severn Tunnels (qq.v.) mention 




TUF TllAMrS Tl’NNFl AT ROTHERIIITIIE, WHICH WAS OPFNl D IN l8|3 * 

Abo\c ii a lonKiludinal bctlion, and below a cross section and a diagram of men working m Brunei’s ‘shield* 


some of these diflicultics. Even tunnels throus^h 
rock generally have to be lined throughout with 
masoniy, the lock being seldom hard enough to 
b^ left with safety in its natural condition alter 
the w'ork of boring is complete. Automatic 
machinery has been invented for tunnelling 
through gravel or clay; it has not as yet been 
applied to any tunnels of normal double-line 
size, but only to the small circular tube-tunnels, 
with a maximum diameter of about 12 feet. 

* A double-line tunnel is about 26 feet in wddth, 
and 20 leet or so in height above the rails. The 
main arch is generally about three-quarters of 
a circle, with the centre some 7 feet above rail 
level. It stands on an inverted arch of much 
greater radius, called the ‘invert’, which provides 
plenty of space to accommodate jhe ballast and 
to allow for eflicient drainage. Unless a tunnel 
is on a gradient throughout, it is customary to 
provide some fall in each direction from the 
centre, for drainage purposes. 

After the S^plon and Apenninc Tunnels — 
the longest double-lirn* tunnels in the woild — 
are two Swiss tunnels, the St. Gotthard, 9 J miles, 
and the Lotschberg, 9 miles. The Mont Cenis, 
earliest of the Alpine tunnels to be bored, and 
open in 1871, is some 8 miles long. In the United 


Slates the record is held by the Cascade Tunnel 
on the (ireat Northci n Railwa\ , of nearly 8 miles, 
followed by the Moffat Tunnel of the Dcnvci 
and Rio Giandc VYestern, a tunnel of just over 
6 miles which, w ith its railway approaches, cuts 
no less than 175 miles fiom the jifurney between 
Denver and Salt Lake City. 

In Great Britain the longest main-line tunnel 
is the Severn Tunnel Af the W.R., betw'cen 
Bristol and Newport, 4J miles. This is followed 
by thicc tunnels from east to west through the 
Pennines: Totley, L.M.R., miles; Standedge, 
L M.R. (one double mid two single-line tunnels), 
3 miles; and Woodhead E.R. (two single-line 
tunnels), 3 miles. In view of maintenance difh- 
cultics and to accommodate the overhead con- 
ductors of the electrification scheme pl&nnccl 
between Sheffield and Manchester, a new double- 
line Woodhead tunnel, costing ^^3, 800,000, was 
begun in 1949. In the London Tube systejn, of 
course, it is possible to make continuous tunnel 
journeys of far greater length. The longest such 
tube journey^ which is a world’s record for con- 
tinuous railway tunnelling, is the 16J miles from 
Goldcr’s Green to Morden, via the ‘Bank {see 
Underground Railways). 

It has often been suggested that thcrQ should 
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be a Channel tunnel to connect England aAd op>ened in 1843- The dri\?ing -of this tunnel, run- 
Ffance, and, indeed, digging actually begJn ning from Wapping to Rotherhithe, vvafi made 
tow?s^8 the end ofithc 19th century. By 1882 possible by the invention of the ‘shield’ by Brunei, 
over a mile had been bored on cither side, from This early shield was a large rectangular frame- 
Sangatte near C^hfis and from Shakespeare’? w«rk containing tliirty-six cells, erected below 
Cliff near Dover. But the British Government ground, facing the intended tunnel (.ja' ejia- 
advised the*w^rk to stop^ bcOiusc they were gramj. A- man in each cell scooped out the 
afraid»'V>f losing tbe safety from invasion then clay in front of him to the dep/th of a few inches, 
given by the Channel. Later scheyies projiosed Then the cells, in groups of three, were pushed 
a tuniTel 33 miles long and at least 100 feet below that'much further forward, and the men started 
the Channel bed. Ihey suggested that it shf)uld to scoop again, while other men lined the newly- 
be under the control of the British War OHice; cut tunnel ’with bricks and iron rings. Years' 
and made so that, in emergencies, it could be* later men *dcvised the circular ‘(heat-head’ 
flooded to stop the passage oi troops. In 1^35 it shi(‘ld wliicli cut tube railway tunnels under 
was estimated that such a tunnel would take liOndon. Ihunefs tunnel, though built lor road 
about 8 years t(j build, and ('ost over /.3f) million. use, now ( nrries an Underground railway to 
3. Road Tunnels. There are several inipor- New Gross. Shortly belore the luist World War 
tant road tunnels in England, usually under two road tunnels under the Thames were con- 
rivers and at points w'here tlic use of i’erries has structed, at RotherhitlK* and Woolwich. A 
caused ‘bottle-necks’ in the How of passengers tunnel lor foot-passengers only, bctw'een the Isle 
and goods on important arterial routes. The of Dogs and Greenwic h, was opened soon after 
first tunnel roadway was made under the River the original one of 1843. 

Thames near tlie London docks; it \vas built by The tunnels described are undouljtedly notable 
the** famous engineer Sir Marc Brunei, and cnginceiing feats, but they have since been com- 
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pletcly overshadcKvcdt by the greaf Mersey 
T bNNEi. (q.v.), .wjiich links Liverpool with 
•Birkenhead.* 

The Holland Tunnel and the Lincoln Tunnel 
take New Yofk traffic under* the Hudson river, 
and tunnels are used in Paris to bv-oass the 
surface traffic. 

See also Apenninei Mersey; Severn' Simplon Tun- 
nels; Underground Railway. * 

Sec also Vol. VIII: Tunnelling. 

TURBINE, STEAM, see Ship : see also Vol. VIII : 
Steam Turbine. 

TURBINE, GAS, see Gas Turbine Locomotive ; 
Road Transport Engines; Aircraft Engines; 
Section 2; see also Vol. VIII: Gas Turbine. 

TURKISH AND ALLIED LANGUAGES. 

Turkish (the language of Turkey), the language 
of the Turkic people of the U.S.S.R., the various 
Mongolian languages, and Tungus, which is 
spoken in part of Siberia, have all descended 
from one single language of long ago {see Lan- 
guage, History of). These languages, which 
are members of the Turkic-Mongol-Tungus 
family, differ in many ways from languages like 
English. The words are complicated and are 
often f9rmed by means of chains of suffixes. The 
Mongol word Gadzardagiy for instance, means 
‘he who is on the earth’ and is formed from 
Gadzar ‘the earth’, with da a suffix (or additional 
term) indicating ‘w^here’, and gi the relative 
pronoun (‘he who’). The same word in Turkish 
isydr-dd-ki. The verb has many voices or moods: 

. there are, for instance, not only passive, reflexive, 
and negative forms, but also forms for expressing 
ihe impossibility of an action. 

The largest branch of this group is the Turkic 
family. There are about 30 million speakers of 
Turkic languages, all members of the many 
Turkish races which inhabit not only Turkey 
itself but also parts of Russia, Siberia, and Mon- 
golia. The Mongolian languages are spoken by 
about 3 million people, in Mongolia and parts 
of Siberia and Tibet. The Tungus lAtiguages, 
which are spoken by probably fewer than a 
million people, mainly inhabitants of Siberia, 
include Manchu, which is spoken in Manchukuo 
(formerly Msftichuria, then part of the old 
Chinese Empire) . It has been a written language 
since the 13th century. 

See abo Language Structure. 

Sec also Vol. I : Turks ; Soviet Central Asian Peoples ; 
Mongols; Siberian Peoples. 


TURNPIKE. During the 17th century, when 
wtneeled tra(fic was rapidly increasing in Eng- 
land, something had t6 be ^one to imprpw the 
condition of the roads. It seemed rcastmablc 
that those who used them should p 4 y for their 
upjfeep; so from 1663 a number of Turnpike 
Acts were passfd, \vhich first made the local 
Justices of the Peace, and latey boards of trustees 
known as ^‘Tf usts’, responsible for the highways, 
and gave them the right to collect fees or*‘tolh’ 
from those who took wheeled vehicles or animals 
along the roads. The 1 rusts collected their tolls 
' by having barriers built at various places along 
the roads. The first barriers were wooden bars 
studded with pikes, which turned on a pivot, so 
the barriers, and the highways on which they 
occurred, were called ‘turnpikes’. Often little 
toll-houses were built near the barriers for the 
use of the keeper. These cottages, many of which 
are still to be seen, were usually hexagonal in 
shape, so that the windows commanded a viev\ 
in all directions. 

When the fees collected were wisely spent, the 
condition of the highways rapidly improved; 
but unfortunately permission to levy tolls was 
granted to too many small Trusts, and these did 
not always work together. The number of toll- 
gates increased until they became a great 
nuisance. In some districts there was a gate 
every 6 or 8 miles, ajnd on one road to the north 
of London there were ten gates in 3J miles. 
This made travelling saslow andt^xpensive that 
people began to protest. At the beginning of the 
1 8th century the tolls were quite moderate — a 
shilling was charged for # wagon, and sixpence 
for a coach; but as time went on the fees in- 
creased enormously, so that before long a coach 
drawn by four horses was paying as much as 
^Id. a mile. In 1837 it was estimated that each 
coach running between London and Manchestei 
was paying £\y^oo in turnpike fees every year. 
The Trusts, also, were sometimes corrupt, l^ivy- 
ing exorbitant tolls and not spending the nioney 
on the roads. In 1741, when .extra tolls were 
levied on vehicles over 3 tons, gentlemen’s coaches 
and wagons on government business were exemp- 
ted from tolls. This privilege was much resented, 
and the turnpikes became very unpopular. In some 
places riots occurred and gates were broken down 
or burnt by the mob. Although the Government 
. introduced severe penalties for rioters,* even the 
death penalty, riots in Bristol in 1749 lasted for 3 
days and had to be put dbwn by soldieca. • 




* A COACH ARRrV’INO AT A TURNPIKE 

A coloured engraving from Vojjfaj^r rn Angleterre by L. E. Lami, 1830 


As railway.travel developed, the Tru.^is, many 
of whom had become Bankrupt, were gradually 
reckiced in number, until by 1859 almost all 
toll-gates had been removed from public roads 
in England, and the responsibility for high- 
ways was taken over by ^lounty Councils and 
later partly by the Ministry of Transport. Up 
to 1930, however, there WTre in Britain filty-fivc 
private roads and eighty-eight bridges for which 
tolls were still levied; but these tolls also are 
being gradually done aw'ay with. 

Sec also Roads, British ; Roads, Modern 

TWl^NTIETHCENTURYLIMITED TRAIN. 

It is said that no trip to the United States is com- 
plete without ‘riding the “Century” * the famou*'. 
luxury express of the New York Central System, 
which ruiis every night between New York and 
Chicago, covering the 958 miles in 16 hours, 
travelling west, and in 15J hours travelling cast. 


i usive of all stops. The train has sixteen 
ca..s: single-room sleeping-cars of various types, 
dining, lounge, and buffet cars, and an observa- 
tion car at the rear end, as on many American* 
trains. Two of the sleepers take the Santa F6 
route to Los Angeles on the Pacific Coast. The 
principal rival of the ‘Century’ is the ‘Broadway 
Limited’ of the Pennsylvania Railroad. Both 
use electric motors for running out of New York, 
but for most of their journeys powerful diesel- 
electric locomotives are used. 

TYPEWRITER. The first practical typewriter 
vyas manufactured in 1873; but as early as 1714 
an Englishman, Henry Mill, \\^ granted a 
patent for ‘an artificial machine or method for 
the impressing or transcribing of letters singly 
or progressively one after another, as in wrUing’. 
No trace has been found of Mill’s machine, if he 
ever made one. 


TYPEWRITER 



HANSEN ‘writing BALL* 1870-5 

This typewriter is said to have been he first artiiallv 
niaiiufaciurcd and sold to the public. Fiom an exhibit m 
the Science Museum, London 

For a long time inventors were most concerned 
with WTi ting-machines for the use of blind people. 
By the middle of the igth centur>^ there existed 
many different machines for making ‘embossed’ 
printing, the most successful being the Brailij: 
writer (q.v.). During the 19th century various 
methods for typewriters were tried out, none of 
which proved satisfactory. 

On I March 1873, however, the firm of 
Remington & Sons signed a contract with two 
Americans, Scholes and Gliddon, to manufac- 
ture the fir.st really practical typiewriter. It had 
iijrty-four keys, providing only capital letters, 
and so arranged that the letters \sliicli most often 
occur together — such as T and H, S arid 'l\ 
O and N — were y:)laccd as far apart as possible. 
The reason for this was that adjoining type-bars 
(the little levers with the letters on the end) 
tended to catch on each other when mo\ ing at 
any speed. This arrangement of the letters on 
the keyboard, which varies with every language, 
continues in most typewriters to-day; although 
a different arrangement, for which greater speed 
is claimed, is used in some American offices. 
7 he type-bars were arranged in ‘basket’ forma- 
tion, so that each letter strikes ip ward towards 
the same spot C3n a roller which carries the paper. 

Other designs have been used, including 
models with the letters set round the edge of a 
wheel, as in some 19th-century telcgraphip 
instruments, ^’he Scholes and Gliddon type- 
writer, however, has pi oved to be generally the 


nibst practical, and the history of the typewriter 
lit s consisteji mainly of a series of improvements , 
upon this design. In*i88c^the inlrodug^*a pi 
the ‘shift key’ made possible a more cdmpact, 
•easily worked machine. Instead of Yhere being 
a separate key for every capital and evfiry small 
letter, these wci^ corpbined in pair^ two on one 
type-bar. By the pressing oj* life shift k®y,.the 
roller wa^ lightly lifted and 'a capital letter 
recited ; in its normal position small letters were 
made. The next improvement was a machine 
which made it possible for the typist to see what 
he was writing — which hacf been impossible in 
the earlier machines. In the ‘noiseless’ type- 
writer, wliich appeared in 1910, the type-bar of* 
each letter is made very light, and the rubber- 
covered roller replaced by a metal one, to 
reduce the smacking sound of the type-bar 
striking the paper. Light portable machines 
have been on the market since 1893. In 1935 
an electric machine was brought out, which does 
very fast typing of excellent quality. T'he ke\s 
need to be struck only lightly, the elec tric power 
doing the rest. A very even impression results, 
and, with a specially hard roller, up to twenty- 
five carbon copies can be made at a time, cotn- 
paied with the normal six or seven. 

The letters, numerals, and jnuictuatlon marks 
ol all modern t>q)ewriters aie arr.inged on the 
keyboaid in a slan(;lar(l pattern. Th<‘ typist has 
to memori/e tliese, so that his fingcis can find 
them auloriiatirally, while his f^es*remaiy on 
his copy. This is called ‘touch tyq^iiig’, and is 
essential for speed. A normal typing speed is 
about w'ords a minittc, though an expert 
typist on an electric mac hine can work at semu* 
lour times this speed. 'I’he ])aper is inserted 
round the rcjllcr fixed on a sliding c.irriage 
which moves from right to left as the keylioaicl 
is worked. When it reaches the end, a line spac c’ 
lever is pushed to move the paper up to a nev\ 
line and return the carriage to the right. l«k is 
supplied from an inked ribbon which I^asscs 
between the raised type-bar a;id the paper on 
the roller. I'hc space-bar is pressed by the 
thumb between each word to make a jvhitc 
space. There is also a bark-spacer so that llu 
typist can go back to make a correction^ 

Sre aho Shorthand. 
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UNDERGROUND RAILWAY. Mail; laige 
cities have lailvvay lines which, in places, lie 
shglitly or wholly below sticet level An entiic 
‘underground’ system is laie In I ondoii, Pans, 
an (3 Moscow, electric railways ot an ordinary 
type lun below the suifacc in sh illow tunnels 
and cuttings ‘Subway’ lines in New York, a 
city built on rock, arc only a lew Icet below the 
siieeisr, in other Aineiican cities elevated mil- 
ways, earned on steel viaducts above the streets, 
were common, but many arc now replaced bv 
und^rg .>w*nd lines. London, however, with its 
cla^ subsoil which makes for easv tunnelhnc is 
the one city with an extensive svstein ol deep- 
level ‘lubes’, which arc literally circular pipes 
m*i(le ol metal segments, into which a tram will 
just fit 

Ihc first underground railways were shallow 
tracks, cKig down liom stieejt level, and built for 
steam tram$ I hey formed Londons ‘Inner 
C’liclc’, paft (Jl which was opened in and 

which was completed by 1884 Later, Tube 
railways buwowed 80 or 90 feet below ground 
level, to avoid interference with sewers, gas and 
electricity mains, and the basements of buildings, 
and also to h ssen the v ibration of buildings ove r- 
hcad when the trams were running The first 
lube, opened in 1890, ^an under the River 
Thames from the City to the Elephant and 
Castle In 1890 came the novelty of the ‘Two- 
penny Tube’, from the Bank of England to 
Shcplierd’s Bush, which followed for some years 
the Trench anej Ameiican system a^f charging 
only one fare for any length of joun v 

liic I ulies are too deep to be reached Iw stairs, 
except in an emergency . The lifts which used to 
^arry passengers between the street and the rail- 
way platform have almost all bce^n replaced by 
moving stairways (see Lifts and Esc'ai ators) , 
which kefcp the j assengcr stream flowing more 
smoothly. Some of the biggest stations have 
fouP escalators, two going up and two down 
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There arc’ many other d^vjcits for saving time 
on a journey Most tickets ,at busy {^tatioifs 
are bought fiom batteries of elecliical ticket 
machines, which can give change up to a shilling 
La>ch ticket price covers a zone, so that the sami 
tu ket v\ ill sc rv c destinations m various due (^/Tons 
Tram indicators on the platloirns arc Auto- 
matically illuminated by gach tiain as it 
approaches, the information having been eltc- 
tricrflly compiled at the start of ■the journey 
When a train stops at a station, all its doors are 
slid open l)y compressed an under the guards* 
control \\ lilt double door s allow passengers to 
get in and out cjuicklv , so th it the tram c in 
St lit again in le^ss th in seconds ( ompresscdaii 

closes the doors, and the guard s st 11 ting signil 
cannot be worked until they arc shut M my 
stations have a ‘headway’ clock, on which the 
driver of an outgoing train can sec how rnanv 
seconds ahead the pic vious tram h rs h It 11 two 
trains are very close the second one cm stut 
slowly, to save cur ic nt and avoid iicing needlessly 
halted bv a signal later on \ci()ma 7K Sie,- 
NALLiNG (c| V ) IS usccl 111 all Tubcs, cxccpt at 
junctions In aclclition in aiitom itic t un-stop 
will pull up any tiain whic li has failed to stop at 
a signal 

In some eiilui lubes the tunnel dipped on 
leaving a station to help the li xiri to gnn speed, 
and rose on entcimg a station, to help the 



DIAGRAM OF AN UNDI RGROUND STATION 
A Entrincr steps from piiivemfnts /i Subway under load 

( Booking lidl bdirath roundabout D 1 sialacpr shatt 
L Urculaniig hiH brtwetn platforms, I btation tunnel 
section, (» runnel mouth 
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THE PLATFORM OP A LONDON TUBE STATION 


br.aking. Modern trains do not need this assis- 
tance. The speed in the Tubes is seldom greater 
than 45 miles an hour, but on the ground-level 
sections of line in the outer suburbs, where 
stations are farther apart, trains may reach 
‘6o miles an hour. 

Many safety devices arc fitted, including the 
^dead man’s handle’. The driver applies current 
to the electric motors by a controller which is in 
the driver’s cab. This is fitted with a spring 
device on which the palm of the driver’s hand 
presses lightly. If the driver is taken ill and his 
hand falls from the controller, the release of the 
spring stops the current and applies the brakes. 
Two bare wires may be seen running along the 
wall of each tunnel, where they can be most 


easily reached by the train staff. If am accident 
occurs, the pinching together of th^‘ bare wires 
by the fingers works a relay, whi^h dt once cuts 
off the current from the live rails in the section 
of line in which a train is standing. -A telephone 
links the driver and guarS of Tube trains; their 
voices can sometimes be heard from a snfall 
loud-speaker at tlie end of a compartment. 

Parts of London’s Tubes have been freed from 
noise by spraying thcftunnel wall with asbestos 
fluff, to deaden sound, and by welding rails into 
continuous lengths to reduce the number ol 
joints in the rails. 

See also Electric Railways; London Transport. 
URDU Language, w Indian Languages. 
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VACUUM BRAKES, see Brakes, Railway. 

tf 

VATICAN LIBRARY. The Vatican, now a 
tiny independent Slate in the centre of Rome 
(q.v. Vol. Ill), has been for centuries the official 
residence of the Popes and their principal 
officials. The library is in the north wing of the 
palace of the Pope. A wide corridor leads 
throm h scries of halls, each containing hun- 
dieds of cases of books, to the impressive Great 
Hall built in 1588 by the Pope Sixtus V. The 
walls, ceiling, and even the six large pillars which 
support the roof are covered with paintings by 
the great artists of the time. Round .he walls 
stand ornamented ca])inrts in which the most 
important books and manuscripts in the library 
arc kept, 
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-The Vatican library orjg^natedoin collections 
of manuscripts written in the ^arly days, of thfc 
Church by the different Popes, mahy of whom 
were men of learning. Boniface VIII in the late 
• 13th century catalbgued these wrttings, which 
became the inherited property of the Popes.* In 
the 15th century Pope Nicholas V, generally 
considered the real founder of4:hc library, added 
5,000 volumes — a very large number for those 
day!j*when all books had to be copied by hand 
and ordered many translations to be made. 
Gradually the library grew, becoming one of th^^ 
great treasui'es of Europe. Scholars flocked there 
— many of them poor men whom the Church 
helped with grants of money while they studied. 
Illuminated manuscripts were brought from the 
monasteries, and noblemen presented 1 are books; 
learning was fashionable, and powerful Italian 
families such as the Medicis were proud to be 
considered patrons of learning. Gifts came from 
other countries, and many books were left by 
devout Catholics in their wills. 

Some of the famous original manuscripts in 
the Vatican are as much as 1,600 years old. 
Among them is the Codex Vaticanus, one of the 
earliest known copies of the New Testament, 
made before a.d. 400. 1 here are also two manu- 
scripts of the 4th century of the works of the 
Latin poet Virgil, and a 5th-century volume of 
the speeches of the Roman statesman and orator, 
Cicero. 

Sec also Libraries. 

V . XUM, see Paper. 

VICTORY, H.M.S. Nelson's flagship, the fifth 
of her name in the Royal Navy, was launched* 
at Chatham in 1765. A vessel of 2,162 tons, she 
cost £83,000 to build, and was designed by Sir 
Thomas Slade, then Surveyor of the Na' y. Her 
original armament was 102 guns. Muzzle-load- 
ing guns of the period were named according to 
the weight ot^ the solid iron shot they fired. 
Ninety guns, 32, 24, and 12 pounders, were 
mounted on three decks; thirty 32-pounders were 
mounted on the lowest deck, known as the gun 
deck; thirty 24-pounders on the middle deck; 
and thirty 12-pounders on the mjiin deck. The 
remaining twelve 1 2-pounder guns were mounted 
on the quarter-deck and forecastle. The Victory^ 
with a gun-deck length of 186 feet and a^beam 
of 52 feet, was colloquially a ‘three-decker’; in 
the Navy List she appeared as a first rate . 
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She was also sometimes called a ship-of-the-liiic, earcfully restored to 4 ici (ondirton'as at. the 
or ‘l]ner’, because she was of sutfk leiit strength Battle ot'Tralalgar when she rhecked Napoleon's 
to lie in the ‘line of battle’. scheme for the invasion of England. 

‘First rates’ were commonly used as flagships, Sec also Vol. X: Battleship: 

the ships chosen bv the admirals who corn- Sec also Vol. V: Xi lson. 

fnanded the fleet and w ho were distinguished by 

special flags. During her active career the Victory VIKING SHIPS. In the 9th and loth eenluties 
bore the flags offourteendilTcrcnt admirals. Some a.d. Norse sailors, cotninonly known to-day as 
of them, Kempcnfelt, Howe, Hood, and St. Viii- Vikings, set out in their longships from the 
cent, were among the most distinguished in our creeks and fiords of Scandinavia and DenrUaik 
naval annals. Nelson, when a Commodore in in a series of adventurous journeys. ‘From ^ he 
H.M.S.Ca/>/flt/z,wassummoned on board H.M.S. fury of the Northmen deliver us, O Lord!' 
Victory to be congratulated by the Conjmander- chanted the monks of the Scottish Isles wliose 
in-Chief, Admiral Jervis, after the victory over monasteries early felt the heavy hand of the 
the Spaniards off Cape St. Vincent in 1797- plunderers. The Vikings were first leportcd oil 
Nelson flew his own flag in the Victory from the British shores in 787 when three longshijis 
time of his blockading of Toulon in 1803 until appeared ofi'tho coast of Dorset, plunderevJ, and 
he died in her cockpit at the Battle of Trafalgar went away, having killed the local magistrate, 
on 21 October 1805. The Victory was paid off Soon they were arriving in fleets of several 
from active ^service at Portsmouth in 1812. She hundred ships, killing and burning, and in some 
has escaped being broken up, and to-day can ^'ases settling in the country, until in uiih 
be seen by visitriis to Portsmouth Dockyard, King Canute the Dane ruled over -a :in1-itcd 
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kingdom of Denmark, Norway, England, aid 
the Hebrides. The Vikings were merchaiVs 
and colonizers as Well as' warriors and seamen* 
and IhHr way of life depended to a great extent 
on their sRlps. They were splendid craftsmen » 
'rheir more distant voyages of discovery Ic^to 
the colonizittg of Ireland, ^Grecjnland, and un- 
ick'ntified localities in North America which they 
discovered nearly five centuries b<?fore Colum- 
bus. Perhaps tliesc transatlantic 'voyages £ire 
the most exciting achievement of the Vilangs in 
modern eyes, for great sailors such as Enc the 
Red, Lief the laicky, Harald Haardraade, and 
others crossed the ocean in open boats, not only 
in northern seas but also southwards as far as 
Co/istantinoplc. 

Actual examples of the Vikings' ships can be 
seen to-day because of their habit, shared with 
the Saxons, of placing a dead duel' in his long- 
ship (with all the ship's gear on board) and 
covering the whole with soil to make a huge- 
burial mound. When this .soil was blue clay, the 


aqd high^ends. Bow and ste,rn arc alike, and 
the easy lines suggest a last and good .sj^aboat, 
able to make long voy ages in capaUe hands {see 
Fig. i). A modern replica of the Gokstad was 
bu;lt in 1892 and siiiled across the>> Atlantic: she 
is credited with having reached a spe^d of 
10 knots. There are .sixteen oars a side; iiie 
*oar-holcs or powlocks being [Jaced in the third 
plank down from the gunwale, or upper plank. 
Theac oar-holes have cunning shutters fitted to 
them to keep the water f)ut. J’he oars are about 
18 i'cet long, and could be handled by one of 
two men as-required. It is thought th(' rowers 
sat on benches, though these have not been 
found. Ihe single mast \\a'^ sle])p(‘d amidships 
and arranged so as to be easily lowered; oik* 
square sail was probably sd with a yard. 

We learn from the Norse sagas that Viking 
ships were rated according to the number of 
spaces between the renving benches or thwarts. 
'I’his S])ace was called a the woicl 'room’ is 

used to-day by lislu rmen in tin* same 


ship v'as sometimes preserved from decay; sense, meaning the space between the lliwarts 

examples have been excavated almost intact, (or benches) in open boats. The (h)kstad ship, 

'I’hc few shijis completely excavated date from with sixteen oars a 
dilfcrent periods and follow a recognizable line side, was a ship of 
of development. One ship, found at Gokstad in sixteen ‘rooms', d'hc 
Norway, and preserved to-day in the Viking construe tion of the 
Ship Hall of Oslo University, dates from about ship is perfectly adap- 
A.D. qoo., She is built of oak throughout, and her ted for a seagoing 
greatest length over all is 78 feet and breadth \cssel which docs not 
lb ft. 9 in. Tlie ship is built up of planks carry cargo and which 
nailed together by iron rivets. There are sixteen aust on occasions be 
])lanks a siej^, the edges overlapping clinker- ’ iled out the mj;. j. midship i.hun of 
built’ fashion. The k( 4 -l has a length of 66 feet, w..lcr. Iron sjukes rm ..oksiad ship 

anil from the ends ol the kefd the stein and stern secure the ends ol the 

posts rise in ea.sy curves. The midship section jilanks to the stern and stern posts. Hie ribs oC 
shows tlir sides ilarinK outwards. The general timbers are fastened to the upper two planks 
form of the ship is of a loivg open boat, broad in by tree nails (wooden pins), and lo the remain- 
the middle, with low freeboard and with sharp injr planks by lashings made of flexible twigs 
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• FIG. 3. FIGURE-HEAD OF OSEBERG SHIP, A.D. 85O (lEFT), AND 
CARVING OF THE SAME DATE 


Fig. 2). Shields were found fixed along the 
gunwale and are painted alternately yellow and 
black. 

The sagas tell us how the Vikings delighted in 
brave ships, with carved animal or serpent figure- 
heads surmounting the stemposts, and the carved 
tail-end of the animal at the stemposts, the ships 
gay with bright shields and decorated sails. The 
figureheads were passed on from favoured ship 
to favoured ship, and some of these carved heads 
survive {see Fig. 3). The ship was steered by 
means of a special oar or paddle slung over the 
starboard or ‘steerboard’ quarter (the right-hand 
side). The helmsman grasped a tiller which 
came inboard across the stern of the ship {see 
Fig. 4). The Gokstad ship was fitted with an 
awning, but had only a light deck, laid between 
the beams which passed across the ship between 
the ribs. At the bow and stern this deck was 
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higher and of a more permanent nature. ' Iron 
a|jchors are^found in the ships exca^tated, and, 
41 so the remaiiis of ?mal^‘ boats which j^rc 
carried on board at sea. *No doubt th(f Slip’s 
f:ompany lived roughly and hardily when com- 
pc;U^d to ke6p to the sea; but when po 5 feible the^ 
Vikings seem t^ haye cooked t^ek meals and 
slept ashore. 

The Gqhsfkd ship is small, and may have had 
a orew of seventy men. Oliff Trygvason’» ship^ 
the Long Serpent of a.d. 1000, carried thirty- 
four pairs of oars, while King Canute, we are 
told, had a ship of sixty pairs of oars, which must 
have been some 300 feet in length. The Gokstad 
is probably typical of the rather smaller and 
commoner Viking ship, the sort of craft \fith 
gaily coloured sails in which America was first 
discovered by Norsemen and in which the Viking 
pirates sailed from the Baltic to the Medi- 
terranean. 

Sec also Sailing Ships. 

See also Vol. I: Danes; Norwegians. 

VOICE. When man had achieved Speech, •the 
sounds he uttered became very complicated. 
Various kinds of Alphabet were devised to 
record the spoken word, and continuous changes 
in the fashions of Spelling (qq.v.) show the 
difficulty of keeping pace with the delicate 
changes in the hun\an voice. » 

1. Phonetics is the science which studies 
spoken sounds, classifies them according to. the 
part of the mouth used in making them, and ob- 
serves what happens when sounds are strung 
together in spoken sente!\ices. When we wish 
to speak, we draw in extra air through moath 
and nose, and expel it again as breath, through 
the wind-pipe, throat, and mouth. Fhc top of 
the wind-pipe, whick is known as the larynx, 
contains two folds of muscular tissue (the ‘vocal 
cords’), one on each side. These folds normally 
lie apart ; when we want to speak, their free fcdgcs 
draw near to each other. The breath, passing 
through thr chink between th^c edges, causes 
them to vibrate. This vibration, which is the 
beginning of a spoken sound, is carried forv'ard 
by the stream of breath into the throat and 
mouth, which act as a megaphone and increase 
the volume of sound, helped by the resonance of 
the hollow bones over the eyes (sinuse^. 

Several parts of the mouth affect the spoken 
sound {see Diagram). First comes the soft palate, 
the soft muscular end of iht roof of the.-mDuth 




DIACjKAM ()!« HI AD AND IIIROAT 

Si. Sinus; jV. Nasal cavities; //. Hard Palate; S. Soft Palate 
Af. Mouth; 7. longue; V. Vocal Cords; L. Larynx 


lumping pv^r the throat. Normally this stands 
away horn the back of the throat, allowing the 
breath to ]0ftss^o the nose. When we are speak- 
ing, the soft palate reaches back to close the nose 
channel, so tliat our rising breath is lorccd out 
thrc3Ugh the mouth wl^re it can be shaped into 
spoech scjunds. The soft palate is lowered (allow - 
'ing some breath to pass out through the nose) 
for only three sounds in the English language — 
‘m’, hr, and ‘ng’. That is ^#^hy a cold in the head 
and a blocked nose makes it difficult to pro- 
nounce such sounds properly, and the word 
‘mojity’ sounds like ‘buddy’. In other languages, 
such cis French, there arc more of these nasal 
sounds than in lyiglish. 

Several distinct parts of the tongu are used 
to sh^ipe sounds. We can raise and iow'*r tlie 
tip or* the middle (leaving the tip touching the 
lower tqeth) or the back or sides, each movement 
producing a different sound. We can add to the 
number of sounds by dropping tlfe low^er jaw, 
which increases the size of the inside of the 
moufh. The lips give the final shape to sounds 
passing, between them, particularly to vowel 
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sounds. They can be stfctchcd, as jn a smile, or 
rounded as for whistling. ' Every change of 
* position between those two* extren^ts produces 
a slightly different souna*. 

In spoken English, as distinct from the written 
alphabet’s five vowek, there are twelve vowel 
sounds, besides nine diphthongs (a tongue-^lide 
from one vowel to another, a:^ in ‘boys’). One 
vowel sound, known as the ‘neutral’ vowel, is 
the sound uttered in English when any short 
unstressed vowel is spoken— as in the seco'nd 
syllable of ‘vfrritten’, ‘madam’, ‘cannon’, and in 
the first syllable of ‘enough’ or ‘about’, and in 
the two central syllables of ‘Adam and Eve'. 
T-'hc neutral vowel sounds the same no matter 
how it is spelt. There are twenty-six con.sonant 
sounds in spoken English. Several written letters 
have more than one sound. ‘G’ may be ‘hard’ 
as in ‘go*, or ‘soft’ as in ‘general’. ‘Th’ may be 
‘voiced’ as in ‘then’, or ‘voiceless’ as in ‘thin’. 
Thus there are forty-seven English speech sounds 
or ‘phonemes’: each sound into w^liich a spoken 
language can be broken up is called a phoneme 
{see Language Structure). A complete set of 
phonemes makes up a phonetic alphabet. Almost 
every dictionary contains a list of model words 
showing how the editor has tried, with print(‘cl 
letters or symbob, to represent every spoken 
sound. Some dictionaries use ordinary lelteis 
with various kinds of accent marks, such as a k a 
a a a; others use more elaborate systems. The 
phonetic alphabet of the Oxford Eniflish Dictionary 
’’ '^ludes the following signs foi some of the con- 
sc nts: J for the ‘sh’ sound in ‘shop’, 3 for the 
‘s’ sound in ‘vision’, |? for the ‘th’ sound in ‘thin’ 
and 6 for the ‘th’ sound in ‘then’, and the follow- 
ing for some of the vowels: u* for the sound in' 
‘poor’, iu for that in ‘pure’, and ae for that in 
’man'. 

Phonetics also records the way that sounds are 
ch^tnged by other sounds which come before or 
after them. Eor instance, ‘00’ is not always pro- 
nounced in exactly the same way. Between the 
‘00’ in ‘moon’ and in ‘goose’ there is a slight 
differei.vu, the consonants before and after caus- 
ing the tongue to be in a slightly different posi- 
tion. In practice, however, tlie ear does not 
detect the difference, and the ‘00’ ^f ‘moon’ and 
of ‘goose’ are regarded as the same phoneme. 

Accent. Spoken sounds are not uttered 
with dead regularity 4ike the ticking^of a; dork. 
In most languages people tend to cmphaJiize a 
word or a syllable, or even part of a sentence. 
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Somctimci one word is uttered more ) 3udly than 
another; or an important word may be said very 
slowly. Soructimcs a word or a syllabic is spoken 
at a special musical pitch. All spoken emphasis 
of this kind iu generally referred to as ‘acce^it*. 
The word is also often used to describe the 
pt culiarities of a person’s speech, including not 
only peculiar alterations of stress or pitch, but 
also mispronunciations, or pronunciations and 
intonations peculiar to Dialect (q.v.). Thus a 
Scotsman who ‘rolls his r’s’, thus showing that 
he comes from north of the Tweed, is said to 
speak English with a ‘Scottish accent’; a Lon- 
doner who talks like Eliza in Shaw’s Pygmalion 
is said to have a ‘Cockney accent’; and an 
Englishman speaking a foreign language may 
apply his native pronunciation and intonation 
to the foreign tongue, and so to speak it with ‘an 
English accent’. 

In classical Greek (q.v.) and some other 
ancient languages, words had a well-marked 
musical accent or intonation. In modern 
Chinese (q.v.) intonation is part of the word- 
form and affects its meaning: for example, the 
Cantonese word fan means either ‘powder’, 
‘sleep’, ‘burn’, ‘brave’, or ‘duty’ according to the 
tone in which it is pronounced. In English, 
French, and many other languages, intonation is 
used to mark emphasis (in English, usually a 
high pitch), punctuation (for example, a falling 
tone at the end of a statement), and expression (a 
phrase like ‘a fine fellow!’ can express praise or 
sarcasm according to the intonation we give it). 

But in most modern European languages stress is 
more important than musical pitch. All Indo- 
Eurofean languages (q.v.) showed, at an early 
etage, a tendency to throw the stress back 
towards the beginning of a word ; and in the 
Germanic languages, of which English is one, it 
now normally falls on the first syllable of a word. 

The chief exceptions in English to this rule are: 

(a) Words of English origin with adverbial 
prefixes that have lost their adverbial or pre- 
positional force, such as understand, indeed, 
to-day. 


^{b) Words borrowed from the Romance lan- 
gjiages, sudi as French (q.v.). Fr^.nch loan- 
cwords at first kept the S;tres^ on the last sylh^^le, 
but by the 15th century at the latest, th« stress 
^had usually shifted to the fifst syllabic, except in 
words compounded with a prefix, such» as com- 
mand, reply. I.ater French borrowings have 
usually kept their French stress, such as coquette, 
promenade, though short words that have cOmc 
info common use, and three-syllable ivords, 
often follow the English pattern: for example, 
chauffeur, garage, patrol, menu, restaurant, and 
envelope. 

Words borrowed from Latin and Greek (as 
well as some borrowed through French) often 
show variation even in standard speech ^for 
example, laboratory or laljdratory). In h)ng 
words the stress lends to be on the third syllable 
from the end (photography), except in words 
ending in -ic, when it is on the last but one, as in 
geometric. 

There is at present a tendency to shift the 
accent forward in man> -syllabled words of classi- 
cal origin — to say hospi talkie, capitalist, inst,ead 
of as formerly, hcS.spitable, capitalist. This 
avoids a scries of weakly stressed syllables, which 
tend to become shortened and sometimes lost: 
laboratory tends to become labrotry, just as 
boatswain became bos’n. In American speech 
long words tend to have two main stresses as 
in necessary, adverifscmenl. Accent sometimes 
varies if a word is used as a noun. or. a verb; lor 
example, we say ‘a safe conduct’, but ‘I ‘will 
conduct you there’. 

Sentence-stress is usually governed by mean- 
ing, though also by contrast and rhythm. "Clie 
main word is emphasized by being given a 
stronger stress than the rest, and often a distinct 
intonation. Thus, in a sentence like ‘What shall 
I do with this boy?* almost any word can bear 
the chief stress, according to the point of the 
question. 

Sec also English Language. 

VOLAPt)K, see International Languages. 
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(vibr^jtc) only once iri that distance. The 
tiny wave, il' it had travelled so far, would have 
vibrated nearly i ,000 times. So Hhat talking 
about the ‘length* of a wireless wave is only a 
way of describing the frequency df vibration of 
a transmission. It is a very old-fashioned way 
to describe it, dating from the early days of wire- 
less when thenature of waves was less understood 
than now; the word is retained, out of habit, b\ 
the •general public. The term used by modern 
radio engineers is ‘frequency’, that is, the number 
of vibratiorls a second that the transmitter sets 


WAGON, see Cart and \Va(jon. 

* WALKIE-TALKIE’, Telephoxls, Mohill. 


WAVE-LENGTHS (Wireless). Every wireless 
transmission consists of a series of electrical 
oscillations or vibrations. Tf the rate of oscilla- 
tion of a transmitting station is known, and il 
one adjusts or ‘tunes’ a receiving set to the same 
rate of oscillation, one can hear the transmission 

provided, of course, that the receiver is strong 

enough to make the transmission audible. 

Wave-lengths range from very short to veiy 
long {see Wave Motion, Vol. ITT). The real 
diflVrcnce between short and long wave‘s lies in 
the frequency of their oscillation, or electronic 
vibratiorls^ It happens that a long-wave trans- 
mission oscillates comparatively slowly; foi in- 
stance, by tlie time it has travelled 10 miles 
( 1 7*600 yards) , a 000-metre wave (^^280 yards) 
will have vjbratcd about five times, once 
every 2 miles (actujffly 3,280 yards > 5 (‘quals 
1 ft, 400 yards). But a 30-metre wave is 100 times 
shorter than a 3,000-metrc wave. It will there- 
fore vibrate 100 times more often in travelling 
any given distance; in trij^^elling 10 miles it will 


vibrate 500 times. 

One may compare wireless waves with vvaves 
in Walter, as far as this simple arithmetic goes It 
one -starts tiny ripples in a hand-basin while 
washing one’s hands, it will be seen that the 
length of a wave or ripple (that is the distance 
from crest to crest of two adjoining w . es) 
be only a quarter of an inch. Such a ^^’ave will 
rise and fall (vibrate) a couple; of dozen times 
before* reaching the side of the hand-basin 
6 inches away. But a large wavetit '"'‘V 
20 feet from ‘crest to crest, that is, nearly i.ooo 
times longer than die tiny quartcr-inc h wave in 
the*hafd-basin. The larger wave will rise and 
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up in the air. Frequency is expressed in ‘kilo- 
cycles’. ‘Kilo’ is from the Greek word for i ,000, 

75 kilocycles means 75,000 vibrations or 
oscillalions a second. This would be equal to a 
wave-length of 4,000 metres. 

With the growth of wireless 'Feleoraphy, and 
later of Broadcasting (qq.v.), the principcil 
countries were obliged to discuss with one 
another the use of the various wave-lengths. 
European broadcasting organizations, warned 
by the example of America, where so many 
stations began to broadcast that most listening 
was jammed, met in London in 1925 and set up 
an International Broadcasting Union, with head- 
quarters in Geneva. The Union made a plan 
providing each country with wavebands I’ree 
fiom interference by others, and set up a check- 
ing post which warned stations when they 
stiayed from their wave-lengths. Changes are 
periodically made as the result of international 
av^ eement ' for instance in 1950 some B.B.C. 
;>ti' ■ m wave-lengths were altered. 

irious groups of wave-lengths were classed 
together as wave-bands. It was agreed that the 
long waves (now reckoned to be those aboy^ 
3,000 metres in length) should be used for 
medium and long distance communication from 
station to station; the medium waves (100 
3,000 metres) for broadcasting, marine :.nd air- 
craft communication, and direction-finding; the 
short waves (^10-100 metres) for long-distancc 
broadcasting, and communication from station 
to stati-n; and the ultra-short waves (below 
10 metres) for short-distance communication, 
Television (q.v.), and aircraft-guidance systems 
\see Navigation, Air). Mobile .^military units 
‘walkie-talkie’ systems, and the wireless cars ol 
the police, for example, operate on these waves 

(5f^ Telephones, Mobile). o u 

The very first experiments in wireless haa been 

made on wave-lengths of only a few metres, bus 
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the scientists found, tl?ey could trans^Ait larth^r 
^Vlth longer wayes, and for many years they 
worked on fiiedium' aryl long wavelengths. It 
was Marconi {^see Wireless, History of), in 
malting tests for army signallfng during the First 
World War, who revived interest in short waves. 
The wave-bands now given to sound broad- 
casting on short waves — are the ii, 13, ib, 19, 
25, 31, 41, and 49 metre bands. 

Waves of under a metre offer a field for ihore 
experiment. Meanwhile there are still not 
enough wave-lengths for all the stations that want 
to broadcast. 

Sec also Wiri fsss, History of; Short-wave Wirf.llss. 
Sec also Vol. Ill: Wavf Motion. 

WEIRS, see Locks and Weirs. 

WELLAND CANAL. This canal is an impor- 
tant trade link between Canada and the U.S.A. 
It forms part of the great chain of wateru'ays 
which stretches for 2,339 miles, from the Straits 
of Belle Isle at the entrance to the Gulf of St. 
Lawrence, along the St. Lawrence river, and 
through the Great Lakes to Duluth on Lake 
Superior. The Welland Canal is built across the 
high ground which separates Lake Ontario, 


wt*ere the St. Lawrence rises, from Lake Erie. 
ItF is valuable not only to local traffic: it 
Shortens the journey Trona Liverpool in 
land to Duluth or Chicago via Mont/eal by 
•about 450 miles, and shipi. c,an convey cargo 
dijs(»ct from Manchester to ports 1,060 milesj 
inside the Amer,^canc‘"ontinent. 1 

The canal was built in' 1829 by the Welland 
Canal Company. At first it stretched only from 
Port Dalhousic on Lake Ontario, as far aS Port 
Robinson on Chippewa Creek, and then down 
to the Niagara river, above t^ie Falls. Since then 
it has been rebuilt several times, and greatly 
enlarged and extended. In 1841 it was bought 
by the Government of Upper Canada, who 
rebuilt it three times. The final canal, completed 
in 1932, has a depth of 30 feet, and eight locks, 
each 829 by 84 feet, capable of accommodating 
all but a very few of the largest ships in the 
world. The lock gates arc of steel and weigh as 
much as 425 tons each, 1 1,000 horse-power being 
needed for opening them and for lighting the 
canal. The canal is crossed by 22 bi idges. 

The Welland Canal is ice-bound for nc&rly 
5 months of the year, and it is limited on the 
north by the shallowness of the canals on the. 
St. Lawrence. The largest lake vessels, however, 
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sdhie of them of 15,000 tons, can enter Lake 
Ontario from the south, and tiic canal now 
carries an annual tonnage of several millions. 

Sec also Canals. 

See.also Vol. Ill: Great Lakes; St. Lawrence, 

WELSH LANGUAGE. Welsh is a Celtic lan- 
are aHo Irish or Erse and Gaelic 
(qq.v.). It belongs to the British or Brythonir 
group, and it has grown from the language 
spoken by the Ancient Britons at the time of the 
Roman invasion. This language borrowed a 
number of Latin words during tiie Roman 
occupation. When in the 5th and 6th centuries 
Britain *vtis invaded from tl;ic east by Angles and 
Saxons speaking a Germanic language (q.v.), 
the. langiJag^ of the Britons died out in ♦^he 
greater part of the country, but survived in the 
mountainous and more remote west — Wales, 
Cumberland, parts of the Scottish Lowlands, 
atid Cornwall, and was also carried by British 
emigrants across the Channel, where it now exists 
as the Breton language in Brittany. By the 6th 
century in Wales British had developed into 
Welsh, and by the end of the centur)^ there is 
evidence that poetry was being composed in the 
laH^age. Manuscripts exist containing short 
pieces of prose and verse dating from the 9th to 
the nth centuijy, and when the laws of Wales 
were compiled in the loth centu. they were 
written down in Welsh. From the 12th century 
onwards the Welsh language has much litera- 
ture, in the medieval period ‘the best known 
being the prose talcs called the Mabinogion, and 
the Arthurian romances of the ancient British 
legendary her' King Arthur {see Medieval 
Romance, Vol. XII). 

When •Wales was united with England in i 53 ®> 


it seemed likely that Welsh would disappear as 
a living language; but in 1588 a Bible in Welsh 
was published, and this played an important 
part in preser\nng the language. In 1931 Welsh 
was spoken by about 900,000 people in Wales, 
mostly in the country places, and also by com- 
munities of Welshmen in the large towns of 
England, in the United States of America, and 
in Canada, and in a Welsh settlement in South 
America. Welsh is now taught in the schools, 
colleges, and universities of Wales; it is com- 
pulsory in some counties, and some ‘all- Welsh’ 
schools have been established recently. To-day, 
Welsh is used more than ever before for a wide 
range of books on subjects such as philosophy 
and science and as the language of public 
administration. 

Each of the twenty-eight signs in the Welsh 
Iphabet, with the exception ofj^, has one stan- 
dard sound only, and Welsh is therefore said ta 
be written almost phonetically — that is, exactly 
as it is sounded. Welsh c is always like c in ‘cal' ; 
g is always like g in ‘gun’ ; ch corresponds to the 
sound in Scottish loch\ dd is sounded as th in 
‘this’;/is like English v, while ff\^ lik^ English/; 
ng is as in ‘singing’, though occasionally it is like 
ng in ‘anger’; //, which usually gives so much 
trouble to strangers, is produced by putting the 
tong’^e in the position for sounding / and then 
rek.*^ing the breath sharply without bringing 
any sound from the throat; ph has the same 
^ sound as/*; rA is as r in ‘carry’ followed by a 
sudden release of breath; th is Siiin ‘thin’;j^ has 
a sound like English ee in ‘feet’, except that it is 
produced towards the back of the mouth — Welsh 
u has the same sound; y also has, sometimes a 
sound like u in ‘dumb’ in words of mote than 
one syllabic, but not in the last syllable. 
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* In words* of more than one syllable tjie accent 
normally comes on the last syllable but one: for 
example, tre/ ‘town’, cdrtref ‘home’, cartreji 
‘homes’. In certain circumstances the first con- 
sonant undergoes a change "known as ‘initi^il 
mutatjpn’: for example, pen ‘head’, nihen ‘my 
heatl’,*« ben ‘his head’, ei phen ‘her head’. As a 
rule the subject comes immediately after the 
verb, and if the subject is a noun, the verb is 
always in the singular even if the subject is 
plural: for example, Gwely dyny plant ‘The man 
secs the children’, and Gwely dynion _y plant ‘The 
men sec the children’ ; but when the subject is a 
pronoun, the verb agrees w'ith it in number: 
Gwel efy plant ‘He sees the children’, and Gwelant 
hwy y plant ‘They see the children’. 

See also Vol. I : Welsh. 

WHEEL. The wheel has been described as the 
one thing man has invented entirely by himself, 
with no hint from anything found in nature. 
Certainly the idea of it had never occurred to 
any of the original inhabitants of the Americas 
until it was introduced from Europe in the 



i6jA century, although high civilizations had 
flourished there for centuries, and gqeat skill 
lihd been reached in building, road-makijpif^'^, 
metal-working, and other drts. In the w-fttern 
hemisphere wheeled charioU were used many 
tho^jands of years ago by the armies of Assyria ^ 
and Egypt, and po doubt crude c^rtj* on wheels 
had been helping farmers to harvest their (jtops 
in even earjic/ times. 

Tke idea of the wheel probably came from 
the use of rollers to help in moving heavy weights 
such as dug-out canoes or blocks of building 
stone. But the tree-trunk roller did not become 
a wheel until someone had thought of chopping 
away the middle part to leave only an axle with 
a disk wheel at each end. This could then be 
fixed beneath a Sledge (q.v.), making it into 
a wheeled vehicle. 

Fixed axles, on which the separate wheels 
revolved, no doubt followed when some, one- 
piece axle broke or wore through where it 
rubbed in its bearings. The next irnpiovemeiit 
would be to make a stronger, lighter wheel. 
Some of the very cailiest pictures of charivts 
show' the form of construction which is still 
followed in the wheels of farm carts and wheel- 
barrows. The central hub, stork, or nave is 
socketed to receive the spokes, the outer ends ol 
w'hich arc held in a circular band built up of a 
number of curved pieces of wood called ^‘feiloes’ 
(pronounced Tellies')*. Round the whole a metal 
tire is put on while hot so that it nifty siirink and 
grip tight as it cools. 

The steel tires of railway rollipg-stock are 
shrunk on in exactly the sAne w'ay, though heir 
the rest of the wheel is also made of metal. i'Ue 
tires of these arc not flat, but have a rib or 
‘flange’ running round the outer face for the 



purpose of keeping tbem on the rails. Tlu' 
flanged wheel dates only from 1800, when it was 
invented by William Jessop. Some 40 years 
earlier the practice arose of casting a flai^ge 
along the whole length of the rails (w'hich were 
therefore like the letter L in section) to keep 
flat-tired wheels on the track [see Railways, 
History of). 

The invention which did most to lessen the 
work needed to, move a wheeled vehicle not 
running on rails was that of the pneumatic tire, 
first used successfully by J. B. Dunlop of Belfast 
in 1888 (although an English patent foi'the idea 
had been taken out 40 years earlier). When a 
solid tire meets a small obstacle, such as a hard 
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islonr on thr road, ii has lo ride over it: that is 
to say both the wheel and its load have to he 
taken up a tiny hill. Hut a j)neumatu tiie, if the 
stone is not loo bit?;, is able t<j absorb ir into its 
ow'n rircifmferenee while i^ passes over, meiely 
sun’erinjt ^ slight increase in the pressure of the 
air, inside* Ibi* a moin<*nt. The savint; of work 
and the increase of sfjced were even more 
valuable to ihe early cyi list, for whom this kind 
of tire was tjriginally made, than the increased 
cArnfort given by its cushi'>ning effect. 

"I’he invention of ball-bearings had reduced 
enormously the friction betw^een hubs and axles 
{see Bf.artnc'.s, \'o1. VI N). 'J'he improvement 
can easily be seen if the w heels of a bicycle and 
of a w heelbarrow be set s})inning at the same 
spread and notice be taken of how’ much sooner 
the latter stops. These bearings, loo, were first 
perfected for th/? benefit of the cyclist. 

We have seen how^ the first w h * or disk of 
solid wood was replaced by the spoked wheel, 
which was far stronger and lighter, but still 
fairly Jicavy. The spokes had aJvs ays to be stout 
enough to bear the ^veight pressing dow^n from 
the asde. Sot a still lighter w^hecl wms invented to 
reduce the cy list’s work - the w'ire wheel in 
which the spoken arc of steel wire and the weight 
of theiaxjc hangs from the rim above instead of 


pressing on it l)elow\ At first these spokes were 
fitted pointing straight at the centre of the wheel, 
but later, 'L.mgctil spokes’, as show n in the dia- 
gram, w'ere invented. By this means the twisting 
forces hetw^een the axle and the rim, due cither 
to pedalling or braking, were also converted into 
straiglit pulls, thus allowing the spokes to be 
ladc still lighter. This is the latest form of wheel, 
be found on the majority of motor-cars to-day. 
ileavy-duty vehicles, however, usually have disk* 
wheels made w’ith solid steel pressings instead of 
■spokes, often lightened by being c ut away ^n 
places. 

See also Cart and Wagon; ; Moior-cwr. 

WIRELESS EXCHANGE, see Rediffusion. 

WIRELESS TELEGRAPHY, HISTORY OF. 

\Vire^<“ss was not invented. It was the result of 
mai. > /ears of thought, discussion, and practical 
experiments by many people in several countries. 
Most of those early experimenters and thinkers 
were concerned only with their problems of 
magnetism, astronomy, or mathematics, and did 
not know to what their thoughts would lead. 
The idea that messages might ong da)j be sent 
w ithout wires was not held until the last quarter 
of the iqth centurv' (although it was knowm 
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earlier that electrical activity could be detected 
at a distance). It was even later that men began 
to think of the idea of broadcasting actual sounds, 
such as music and spoken words. 

. All through the 19th century men had been 
experimenting with the recently discovered forces 
of Electricity and Magnetism (qq.v. Vol. III). 
In 1864 a British physicist named James Clerk 
Maxwell (1831-79), Professor of Experimental 
Physics at Cambridge University, proved by 
means of mathematics the existence of those 
electro-magnetic disturbances in the air that we 
call ‘waves’ {see Wave Motion, Vol. III). He 
did more: he showed that these waves obey the 
same natural laws as Light (q.v. Vol. Ill;, and 
that they travel at the same speed — 1 86,000 miles 
a second. It was a masterly feat of pure mathe- 
matics, for he i|^ed no apparatus in reaching his * 
conclusion. 

Clerk Maxwell’s theory received practical 
proof 24 years later from .a German named 
HeinrieK Hertz. He set up two rods, each with 
a knob at the end, and applied to the knobs an 


eleitrical current, doing so through an induction 
cou, which had the effect of increa^ng thi 
sllrength of the current. "The current became/^ 
strong that it jumped acroito the gap between 
the knobs, making a spark. ThenV a short 
distgpee away from this apparatus,' Hertz set up 
an exact copy of it. He found tj^afc when he 
made a spark with the first machine, a cu^ent 
was caused, ir. the second machine, also pro- 
ducing a spark. The German scientist described 
the result of his experiments as ‘the outspreading 
of electric force’; it was the great British scientist, 
Lord Kelvin, translating Hertz’s written report 
into English, who first used the term ‘cthci 
waves’. (Scientists thought for a long time that 
some substance must exist throughout the uni- 
verse, to which they gave the name of ‘ether’. 
It was thought that wireless waves and light 
waves were waves ‘in the ether’. Later the belie! 
in the existence of the ether was abandoned.] 
The waves set up by Hertz were extremely short 
in length — about 1 2 inches. Although the wave* 
were projected only the length of a laboratory , 
we can say that at that moment ‘wireless com- 
munication’ came into being. 

Hertz’s gicat achievement led to much scienti- 
fic study of wireless waves, and many piactica! 
things happened. One was the making ot a kind 
of wave-detector known as a ‘coherer’. Mer 
already knew that if small loose particUspf^omc 
material which w^as a conductor of electricity 
(such as powdered carbon, or irone filings) wen 
placed in the path of an electric current, the 
passing of the current caused the ^particles tc 
stick together, or ‘cohere’* and so form a solic 
conductor of electricity. Towards the end of iIm 
century Sir Oliver Lodge of Britain, and Proft's 
sor E. Branly of France, made use of this faci 
in the invention of coherers. These were short 
tube-like containers, carrying loose particle* 
which would respond to the currents set up by 
Hertzian waves. By this time, ordinary teje 
graphy over an electric wire had made scientist 
and inventofs familiar with thf Morse Codi 
(q.v.). TTiey .therefore sought ways of sending 
out groups of waves to represent the dots ^nc 
dashes of the code, and also ways of making th< 
tiny currents work a Morse ink->^itcr, printing 
the dots and dashes on a strip of paper {sei 
Telegraphy, History of). 

Sir Oliver Lodge, in 1894, first showed hov 
the waves could be used as signals or messages 
using Branly’s coherer to do io — although, as h< 
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adihittcd later, he did not know the great m^n- 
ing of IjLs discovery. In Russia, in 1895, “O- 
^sor A. Popoff, -using a cohered, invente&fa 
me?th0fi of recorJn^g lightning flashes, and 
showed how to us^this method for signalling. ^ 
At the same time Marconi, a young electrjcian, 
was at woijc ip Italy, and early in ,1895 he made 
a .device like PopofCs, but which was expressly 
Meant to send and receive elactro-magnctic 
signals. His wodc brought practical wireless 
communication into sight ; from then < n he was 
the leading experimenter in wireless telegraphy. 
In 1896, when hi was only 22 years of age, he 
came to England; there he received help from 
the Chief Engineer of the Post Oflicc, Sir Wil- 



liam Preecc, who had himself been studying the 
subject. 

One early difliculty was that signals from 
several transmitters would interfere with one 
anotlicr. That meant that it was hard for a 
receiver to pick up only the wanted signal, and 
iiot others. In 1897 Sir Oliver Lodge supplied 
the r^iswer by inventing the ‘tuned circuit’ — a 
n^ans of conti oiling the wave-length ol a receiver 
by adjustments to coils of wire. Just as a string 
of a violin will vibrate and hum it a particular 
note of music is played near it, so the receiver 
could be tuned to a particular u .\c-length. 
Lodge's tuning \n as an historic event, 'riiewavc- 
leng^i became aU-impf)rtaiit. In the earliest 
experiments the length (the distance between 
the peak «ne w ave and that of the next) was 
very short ; later, very long w ave-lengths hccanie 
customary, because scientists then tnought that 
the longci The w^ave,*the longer the distance the 
signal would travel. Years later they were to be 
proved wr(;iig \^ av? -t 1 no i ns) . 

The ‘spark’ method of transmission craitiniicd 
in use for many years; .(because ol this ships 
operatoi*.s, the chief users of wireless, were called 
‘Sparks'), but the spark w^as a crude method; 
it needed a good deal of power, and much 
ol* tliP electric curr ent w as wasted in making 
the spark. It became the aim of sdentists to 
transmit not a mere series of sparV- rn a wave, 
but a continuous wave. That w\.ald mean, 
among other advantages, wireless telephony 
—the transmission of speech. Irnprovemeiits 
gradually increased the distaiue spanned .y 
wireless telegraphy, and at last tin continuous 
wave was to be generated; but it did not ea 
to the immediate discovery of a way ol trans- 
miltitlg speech. 
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Soon nlirr Marconi's ai rival in I'ingland in 
189(1 he liad demonstrated his apparatus over 
tlie 400 yards between the (leneral Post Office 
'*1 St. Mariin's-le-Grand, in London, and Queen 
ictoi ia Street, Next he sent a signal across 
1 iTiiles ol Salishury Plain, and then ovci tlie. 
9 miles of the Bristol Channel between points 
near Penarth and Weston-super-Mare. In the 
following year, during naval manoeuvres, a 
distance of tio miles was covered. 

Wireless stations were set up at Ahirn Bay m 
,he Isle of Wight and at Bournemouth in 1898; 
from Alum Bay the fust paid wireless message 
was sent. 'IVo months later, wireless telegraphy 
enabled Queen \’ietoria to keep in touch from 
the ’ <)1 \Nighl with her son, the Prince of 

Whiles svho was at sea aboard the Royal yacht 
Osbornr. in ih days about 150 messages were 
• exchanged. In March 1899 the English Channe 
v\as bridged by wireless, between Chelmsford 
and a spot near Boulogne-a distance ol 85 miles. 
Tn the same year wireless telegraphy began to be 
used in a small way in the British Nasfy-. Soon 
apparatus ivas instaUed aboard the Lake Cham 
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SOME OF THE APPARATirS AT POLDIR’ WIRELESS STATION USED BY MARCONI FOR THI FIRST FR \NS VI L \M K I RANSMisSK )N IN I ()() I 

On the left are the transformers. The banks of condensers arc in metal containers on the wooden lat k. On tlie IS 

the spark-f^ap, consisting of two steel spheres mounted on insulating rods * ♦ 

plain, the first British merchant vessel to be A British physicist, Oliyer Hcavkido, and an 
equipped. American, Dr. A. E. Kennclly, answ’cred tlie 

The year I go I was a milestone. On 12 Decern- question in igo2. Each, independently but 

ber, using an aerial hung from a kite, Marconi almost at the same time, pifi Ibrward the idea of 

and ttvo assistants listened at St. John’s, New- some kind of layer in the upper atmosj^hero| 
f(jtindland, to the ‘dot-dot-dot’ of the letter ‘s’ miles above the earth, that had the property of 
in the Morse code sent across the Atlantic from stopping the waves in their upward path «ind 

a station in Poldhu, Cornwall, nearly 2,000 miles turning them back tow^irds the earth, just as a 

away. It was 6 years, however, before the first hand mirror would reflect a beam of light. Thus, 
public transatlantic service was opened be- they said, the waves travelled on in a series of 
tween Glace Bay in Canada and Clifden in bounces between earth and sky. In spite of eirr^y 
Ireland. ^ doubts this theory had to be accepted ; 23 years 

Marconi’s feat raised a question of vit?l inter- passed before^ the existence and height not only 
est to the scientists. Clerk Maxwell had shown, of the Kennealy-Heaviside layer, but of others 
and Hertz had confirmed, that wireless waves above and below it, were proved by another 
must travel in a straight line. But the earth is British physicist, Sir Edward Appleton. He 
round. How, then, did the waves, in their 'proved that eacl\ of these layers Jn the ‘iono- 
journey from Britain to America, get over the sphere* (as the region in which they exist has 
bulge of the earth’s surface? If one drew a been named) h&d an effect on the movement of 
straight line through the earth from the British wireless waves. Recent knowledge Of their 
Isles to A'mcrica, the line would be nearly 2,000 behaviour and properties has explained not only 
miles long and the bulge 200 miles high. how the waves travel around the world, but the 
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g p^rt of thewnastcr, an incorrect ohaft, 6r a break- 
j down of the engines. c!oltsion hetwegn two 
(f ships, often -in fog, has accounted !br almost as 
many wrecks. Collision’ with icebergs has cost 
commutation 9vep the world. In 1919 a mes-* thousands of lives, •and was respdhsible for the 
ga^C’frcTO England was received by wirgjpss loss of the TtVanic (jee Climate and CoMMiyJicA- 
telegraphy 4 n .Australia. .The. war itself had tions, Seetjon 3); and fire at sea, especially, 
prwod the value gf wireless to the armed forces, * common in tlie days when ship^ used oil lanterns 
andstimulate^dcvelopmcntswhiclTv>ieretolcad 'has proved even more deadly. Ships may alsci 
to wk*elcss telcphofty and then to oroadcasting be overwhelmed in typhoons and hurricanes, 
—though that was not thcnsuspcctcd {see Speech, capsize because their cargo is carelessly loaded! 
1 RANSMissiON of) . ^ - or founder jfs a i csult of bad leaks. 

The Wlays in w^hich the electro-magnetic waves • In the lat^ i8th century repairs to the bottom 
may be used arc beyond count, for even yet their of a ship were carried out by heeling the ship 
value is only partly known. Their value to 6ver. This was usually done by shifting ballast 
naT^igation reached a spectacular climax in the and running out all the guns on one side and 
development of radar (radio-location) before and running them in on the other. In August 1782 
during the Second World War. By 1945, a vessel the Royal George, a wooden man-of-war then 
at sea in fog could ‘see’ its way past obstacles lying at Spithead, was heeled over too far, and 
such as icebergs; an aircraft in flight above thick with little warning water enteicd the gun ports, 
cloud could ‘sec’ when it crossed a coastline, and the Royal George turned over and sank, with 
Bfftn could obtain an accurate ‘fix’ of their posi- the loss of about 900 lives. 
li('n a anv instant and could be guided to port In 1874 the famous sailing-vessel i\\e:Cospatrick, 
or airfield by a radio beam {see Navigation, carrying outward-bound emigrants for Australia, 
Marine, and Navigation, Air). The ‘beam’, was destroyed by fire. The whole of the ship’s 
w'hich is a concentration of waves on a selected company, passengers and crew, were lost, except 
object or area, is the basis of international com- for five men who escaped in a boat and w^ere 
munication by two-way telephony Short- later picked up. It is not knowTi how^ the lire 
Wave Wireless). Wireless waves are used to .started. In the emigrant ships lire w' as so much 
i arry^tiil^Dictures from one^side of the globe to feared that lanterns w'ere usually padlocked after 
the other {see Picture Transmission) ; to control being lit. 

me(;Jianic;fl apparatus many miles aw ay (remote Sometimes vessels have just disappeared with- 
control) ; to give information to mobile police it trace, and the cause of the disaster can only 
units so swiftiy that criminals have been caught guessed. 'This happened to the steamship 

as they were leaving tRe scene of their crime (jfe b aratali, a big twin-screw ship with a displace- 
'T/lephone, Mobile); to asceitain differences inent of 16,800 tons, and well equipped, except 
'm longitude and latitude; to track the path of that she carried no wireless installation. When 
electric storms; and to be one of the principal homeward bound from her second voyage to 
means of entertainment f#r people all over the Australia in 1909 signalled by another 

world Broadcasting PkociRAMMEs, \ ol. IX). vessel between Durban and Capetown. 1 he 
Recently the further service of Tei fvision (q.v.j other vessel watched the Waratah disappear over 
ha% been develop»*d. horizon, and since then no trace of her or of 

See also Shi rcii, Transmission of; Bromk aming, His- her 200 passengers and crew has ever been found. 

TORY o^. It is s’lrrnised that she capsized in a bad storm, 

Scr also \'ol. Vlft : Radio. but i. .-as never been explained w'hy no wreckage 


reasons lor ouicr piicnoiiicna, suen as the ladil 

f^ctween 1907 anq^he’end of the First Wor! 
Wa/, ^rckss tclcgr^hy spread a network < 


WRECKS AND WRECKERS, i. Wrfcks. 
The g|iuses oC shipwreck are. many and, in 
^pite of all the safety devices and scientific aids 
to navigation of to-day, ceaseleife vigilance is 
needed to* pres''**ve ships from disaster. Ship- 
wrecks are most often caused by striking a rock, 
perhaps t}irough an error of judgement on the 


or bodies were found. 

Those who have escaped from a wreck have 
sometimes perished on the sava^^ lands upon 
which they have been cast. The Grosvenor, an 
East Indiaman homeward bound from India in 
1782, w^ith ship’s company and passengers total- 
ling 135 and a very valuable cargo, was wrecked, 
owning to an error in navigation, on the coast of 
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Parker Caller; 

THE CREW OF THE ‘LADY HOBART* ABANDONING HER AFIER SHE HAD STRUCK AN ICEBERG IN 1 803 

Coloured lithograph 


Africa. A few sur\dvors, with the help of a rope, 
managed to struggle to the land, and a good many 
more, huddled on the after part of the ship, were 
miraculously saved when the vessel broke up and 
the part on which they were gathered floated to 
the land. They found, however, that they were 
some 600 miles from Gape Town, surrounded by 
unfriendly Africans in a country infested by wild 
beasts, and only nineteen succeeded in reaching 
safety. 

There are records of panic among passengers 
and of crews who have deserted thpir duty during 
shipwreck; but there are many more ecords of 
heroism than of cowardice. When the Titanic 
was lost in 1912, the ship’s orchestra remained 
at their posts and played the hymn ‘Nearer, my 
God, to Thed as the vessel went down. When 
the Birkenhead, an iron paddle-wheel troopship, 
was lost off the African coast in 1852, more than 
500 troops, Rowing that there was little chance 
of survival, remained drawn up in their ranks in 
perfect order while the women and children were 


put into the few remaining boats. They went 
down with the ship, their ranks unbroken 
Similar discipline w^as shown in 1893 when the 
collision between Victoria and Il.M.S 

Camperdown resulted in the foundering of tfct 
Victoria with the loss of 336 seamen and 22 officers 

During the First and Second World W ars there 
were many disasters a^ sea, not from natural sea 
hazards, but caused by submarine attacks, mines 
and other enemy action. Such was the disastci 
of the steamship Lusitania which was torpedoeci 
without warning off the south coast of Ireland 
in 1915 and sank within 20 minutes, carrying 
1,198 people to their death. 

In modern times there are so many scientific 
aids to Safety at Sea (q.v.) that disasters arc 
fewer and rescue more effective. 3 ut shipwreck; 
still occur even to-day, as was shown in 194c 
when the 1 7,560-ton liner was wreckec 

off the coast of Brazil on her maideh voyage 
The vessel was a fine twin-screw passenger anc 
cargo vessel, more than 550 feet in length?;, 6om- 
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THF rr\lTAN SI I AMI R ‘siLVIA C 4ORATO* AGROUND ON THF GOODWIN SAND?, OFF DFAI , KFNT 


plctc wi4hp all modern aids^ to navigation and 
staffed by an experienced ship’s master and six 
certificated olflTicers. She struck a reef while 
travelhng at 13 knots (13 sea miies per hour), 
and became stuck hard and fast. The passengers 
were all rescued, and^he crew tried to save the 
sel. The weather grew worse, and the 
Magdalena was swept off the reef by wind and 
tide and anchored by her crew in deep water. 
She was eventually taken in tow, but the quantity 
of water in her holds made her so unhandy that 
she finally broke her back and split into two. No 
liveswere lost, but the disaster shows that science 
cannot wholly do away with the perils ot the sea. 

2. Wreckers^ Wreck of the sc^ from the 
earliest times was regarded as 10yd property. 
But iintil the Tudor monarchs begaii to enforce 
the ro\ al writ in the outlying parts of England 
and Iceland, that fact meant little. The coast- 
pdwellcrs of medieval days, often miserably pooi, 
regarded wrecks as a blessing froln God, going 
so far as to pra'^ ‘Lord, send her to us , when they 
saw. a ship coining dangerously near the shore. 
PlYiador of wreck was not, however, confined 


to the poor and ignorant. In 130') ihc Prior ot 
St. Nicholas in the Scilly Isles and the leader 61 
the garrison were ringleaders in an attack on a 
coroner who inquired too closely into a wreck 
'd its cargo. Thirty years later several monks 
V ere cited among sixty-one persons who broke 
an Irish ship to pieces and carried away the 
cargo. ^ 

In the 1 6th century the law of wreck was 
revised. The coast was divided into districts 
under the authority of Vice-Admirals. A vessel 
. . as to be counted as a wreck only if neither man, 
woman, child, dog, nor cat remained on board. 
Unfortunately, this Act led to brutal abuses, for 
local plunderers and even the Vice-Admirals 
ther- dves found it paid them to see that no one 
survived from a wrecked ship. Every borough 
corporation tried to obtain the right of wreck 
’for itself, but in lonely districts, esi^ecially on the 
west coast, neither the corporation nor the 
district Vice-Admirals had any real authority. 

In 1526 the cangp saved from a Portuguese 
wreck on the coast of Cornwall was carried off, 
the justices called the Captain of Mount St. 
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Michael td ac^couQt,. buf he replied that it was 
‘the cu^om of the country’, and no court in the 
country couM convict him. Many cases came 
before the courts during the 1 6th centuiy, show- 
ing that men df property, as- well as the peasants, 
were ^oncerned in plundering wrecks, and that 
certain towns such as St. Ives were regular 
markets for stolen^oods. 

During the 17th century private lighthouses 
were built; but these were often ^o unreliable 
that they were a menace to shipping. Indeed, 
lights were reputed often to be ushd to bring 
about wrecks rather than prevent them. The 
St. Agnes light was a public scandal, and its 
first keeper stole unashamedly from wrecks. In* 
fact, lighthouses were looked upon a.s an unjusti- 
fiable way of robbing the people of their heredi- 
tary right to plunder wrecks. 

By the middle of the 1 8th century the Cornish 
tinners were the most active plunderers. When 
a ship was reported near the coast they would 
leave their work, and armed with axes w’ould 
follow the ship till she struck. 'I’wo thousand of 
them would then strip the vessel within a single 
tide, preventing the crew from refloating the 
ship, and often barbarously ill-using them. The 
townsfolk condoned and profited from such 
crimes- Tlie law could do little, and pressure 
was brought even in Parliament to save con- 
demned wreckers from execution. 

The work of the National Institute for the 
Preservation of Life from Shipwreck, instituted 
in 1824, and the slow amendment of the law of 
wreckage in the second half of the i gth century 
led to a more humane attitude towards ship- 
wrecked seamen. Wrecking continued through 
the 19th century on a smaller .scale, the Cornish 
coast still being the chief scene of wreckers’ 
activities, which not even the coastguards or 
troops could stop. 

To-day harbour authorities generally have the 
right to remove wrecks and recover the money 
they spend from what they salyagc. If they 
intend to raise or remove wrecks they m>ist give 
notice of their intention, and allow owners to 
take their property on paying the fair market 
value. 

See also Dere^IPts ; Lifeboat ; Salvage. 

WRITING, HISTORY OF. The chief way by 
which \yc record our thougjits and speech and 
pass them on to other people is by writing them 
down. But before he learned to write man 


in|cntcd other ingenious means of doing this, by 
using everyday objects as tpkei^ or sygnbbls of 
\^fiat he wanted to fey.’ '‘Foj example, tK^ 
Scythians, the ancient !n^bit»ts of sQiitlfern 
Russia, once sent a ‘lettcr^to tj^e PeHians coil- 
sistjgg of a bird, a mouse, a frog, afid five«arrows. 
It me^^nt, ‘Pg^si^ns, can you fly lii^e ^ bird, hide 
yourselves in the ground# likJ^ a mouse, .-leap 
through sw^i«fps like a frog? cannot, theh 

do not try to*go to war with# us: we shall over- 
w'helm you with arrows.’ Similar klfTis of 
methods are found among various primitive 
•peoples. The ‘calumet’, a* decorauxl reed 
tobacco-pipe, was used by some North American 
Indian tribes as the symbol oi‘ peace or war. 
When the leaders of hostile tribes mel to discuss 
peace they sat around a camp fii e and the j)eace- 
pipc was passed round the circle: to accept it 
meant to accept friendship; to reject it meant 
to choose war. Another device was the 
pum’ of the North American Iroquois, which 
consisted of little flat beads strung on to a cord ; 
sometimes they made whole belts of tlu'se strings 
of beads, which were arranged in patterns (see 
picture), and worn as an ornament or girdle. 
White beads stood for peace, red for war or 
danger, black for death or‘ misfortune, and 
yellow' for gold or tribute. rh(‘ Tai-tze, (^n tlie 
Tibeto-Ghincse frontier, used similar means of 
communication: a piece of chicken l«^(;r,**'inree 
pieces of chicken fat, and a chili, wrapped in 
red paper, meant ‘prepare to flight* at once’. 
The aroko (meaning ‘to conv(“y news') of the 
Yebu and other negro tribes of I^igeria, may 
also be mentioned: two cowrie shells, strung back 
to back, indicated a reproof for non-payment of 
debt; four cowries, in pairs, face to face, denoted 
a message of good will and request for a personal 
interview; and so on [^ee Signs and Symbols). 

1 o-day, when we want to remember to do 
something, we often make a note of it on paper. 
Ancient people used memory devices for ^he 
same purpose. The most wdacly k^iown are the 
knotted cord and the message stick. The ancient 
Chinese, Tibetans, Persians, and Mexicans 
‘wrote’ in this way, and so did some prirnjtivc 
tribes from Melanesia to Formosa, in central 
and western Africa, in California or southern 
Peru; even to-day we sometimes tie a knot in a 
handkerchief to remind us of something. The 
knot device is the basis of the ancient-Peruvian 
qmpuSy consisting of a number of threads or cords 
of different length, thickness* and colour,, hung 
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Pitt Rivers Aluteurn 

NORTH AMnilCAN WAMPUM IJEl.TS OF THE I71II AND EARLY ifilH CIMURIFS 

Top: ‘The Double Calumet Treaty Belt’ represents a Cduncil Hearth flanked by double calumets. Ne.\t: ‘ 1 he Peace- 
Bath Belt' bdorjKs to the same treaty. Third: ‘ The Jesuit Missionary Belt’ has a Council llcanli in the centre, flanked 
by a lamb and dove and three crosses. Bottom; ‘The Four Nations Allianre B(‘lt’ rei ords a treaty n specting lands. I'our 
towns or tribes (squares) are flanked by protecting white men’s houses 

ing li orn a top band. The nearer a knot was to not so miicli the objects tlienisclves as tlie ideas 
the stick the more important was the matter to associated with them, in the same way that the 
wlych it rei'erred. A black knot meant death; a frog sent to the PersirUis represented the ide.i of 
while one, silver or peace; a yellow one, gold; hopping. T’hus, a moon might represent a 
a red one, war; and a green one, grain {sfe month; a circle might represent not only tlie 
^Pfru, Anciiint, Vol I). Notched sticks were sun, but also the day or heat, or light, or a 
used in ancient Scandinavia and until recently god associated with the sun; a man’s legs , or feet 
among some primitive Australian tiibes lor indicated walking; a man's mouth, speaking; 
carP^^g H^essages about war, assemblies, and so the eye, seeing; and the car, hearing. In North 
fortln iNotclied sticks, or ‘titllies’, were also used Ameiican Indian ideography ‘wind’ was repre- 
by the Ex^h<ii|uer of England; as late as 1812 sented by an inflated sail; ‘life’ by a snake (there 
theTaiglish Government issued Tallies’ to those w as a belief that snakes live for ever) ; ‘bravery’ by 
wlu) lent it money. 1 eagle; ‘ha])jHness’ b\ a turtle (the turtle was 

The first primitive jflcturc-wTitings were rough liiwed to biirig good luck, like the liorscshoe 
dj^iwings made on the w^alls of caves, on animals’ among sui)erstitious people to-day) ; and so on. 
■Wmes, or on stone. It is not certain, how'ever. Only a few ancient ideographic scripts were 
to what extent these drawings wwe the beginning complete systems of wanting, wilh definite con- 
of art, or attempts to recced events. In tliis kind ventiorial pictures always used for the same 
of picture-wiiting the written symbol represents objects. Among these were the systems of the 
an object or the idea behind an object, and has Mesopotamian peoples (see Cuneiform Writ- 
no connexion with the spoken words as in later ino), the Egyptians {see Hieroglyphigs), the 
phc>r>etic wri|.ing, ^here the WTittcii symbol people ol the Indus \ alley in India {see Indian 
represents a sound of the Voice (cj.v.). Picture- Eanguages), the Ghinese, the inhabitants ol 
vCriting is still Tound to-day among primitive EasU r Island in the South Pacific {see 1 oly- 
peonles of Polynesia and Australia of western nksian Languages) and the Aztlcs and Mayas 
Africa, of North and Central America, among of Mexico and Central America (qq.v. Vol. I), 
the Yukaghirs of north-eastern Siberia, and -But these scripts w ere complicate^for they were 
otherr In a primitive picture-Vriting the pi-- a mixture of pure picture-writing and phonetic 
^tures represent the actual object 4rawn, such as writing. Some of the symbols represented objects 
a man oP.arfimal: and a circle might represent or ideas and othere represented spoken .sounds, 
the sun. But i.i a developed picture-writing, tlie two kinds being combined together in 
knowr\ as- ‘ideography’, the pictures represent various ways. The confusion was increased by 
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Pitt Rivers MiReum 


The chief, represented by his Crane Totem (i) is followed by warriors of the ‘Marten* (2, 3, 4^, ‘Bear’ (r^), ‘Man-I ish’ (6), 
and ‘Cat-fish’ (7) clans. Lines joining the eyes of the ammals to the leader’s signify umtv of vkv\s. tliose joining' the 
hearts, unity of purpose. The line drawn forward from the Crane’s eye denotes the course of the jouriicv, another joir 
the four lakes (8), the grant of which was the object of the journey. The long lines (10) are Lake Superior with a path (9) 

leading to it 


the fact that some of the phonetic symbols were 
‘polyphones’ — signs representing several possible 
sounds; and others were ‘homophones’ — signs 
which had the same phonetic value as ea^^h other, 
but represented different objects. The result was 
that many words, though written identically, 
were pronounced differently or had different 
meanings. To avoid this confusion two methods 
ivere introduced into Egyptian hieroglyphics, 
Chinese, and the cuneiform scripts. 

Firstly, symbols called ‘determinatives’ were 
placed before or after the ideogram to show the 
general class to which it belonged — deities, 
countries, mountains, men, rivers, birds, or 
fishes. Secondly, symbols called ‘phonetic com- 
plements’ were put after a polyphone te show its 
phonetic or spoken value. In cuneiform writing 
the ‘phonetic complement* consisted of a con- 
sonant (having the same value as the last con-^ 
sonant of the ^rd indicated by the polyphone) 
and a vowel, usually ‘a’ 

The Mesopotamian peoples, and particularly 
the Assyrians (q.v. Vol. I), j30t only succeeded 
in developing signs for syllables, they also dis- 
covered that there are sounds of a special kind, 


which we call vowels, and set aside symbols to 
express them; at a later stage tliL Assyrian 
cuneiform script became practically a syllabic 
WTiting (see below). The EoYpriAks (q.v. Vcl. I) 
succeeded in isolating the consonants in the same 
way as the Assyrians had isolated the vowels, 
but used these consonantal signs mainly for writ- 
ing grammatical inflexions, foreign words, a^SL 
proper names. On the whole, none of the great 
systems known as ‘ideographic’ (Egyptian, cunei- 
form, Cretan, Hittite,^Ghincse, and so on), suc- 
ceeded in moving completely across fiom the 
pure ideographic wo’iting to the pure phonetic 
writing. 

In pure phonetic writing each w‘rittcn symbol 
is a phonogram, that is, it corresponds to a sound 
or a group of sounds, and language and writing 
become closely connected. Generally, the#e is 
no connexion between the form of the written 
symbols and the sounds or words they represent. 
There are two main forms of phonetic writing, 
syllabic and alphabetic. In syllabic writing each 
sign or symbol represents a syllable qf a word, 
which is generally ‘open’, that is to say, it is a 
consonant+a vowel (ia, la, mo, and i^*bn). 


RITING instruments 


i ne main ancient syllabic writings — apart frofn 
(be af6rementidi!ed ^^yriaireunciforth''writinii 


t^c so-callli p§m(W-hicroglyphic script A* 
B^^rosta northcfc V^as used by the 

Semitic populati^p*<oreyblos in about 1500 b.c.,« 
and the itript used by the ancient ^opulatiop/i! 
the island o&CyJjrus from t^je 6th to.the en- 
twy i.C. • Of l-h^^mcKicrn syllabic writing the 
most interesting arc the two Jap'fcigse scripts 
whifi^^rlved froniP Chinese in thc^th and^gth 
ccnturil^.D.: the katakanay oiyamato (Japanese) 
ganay used mainlw^earncd works, official docu** 
ments, add for wr\ng personal names, especially '• 
of Europeans; ani the hira (= plain, simple) 
gandy used mainly i^ewspapers and light litera- 
tuitj .• These two systems are seldom used inde- 
pendently; they are generally written alongside 
Sino- Japanese ideograms, also of Chinese origin, 
and are used as phonetic complements or indica- 
tions the grammatical variations which are 
not needed in Chinese and cannot be expressed 
byK^hinese ideograms. 

^•[ ^ "betic writing is the most highly developed 
and widely used method. It is described under 
gi,LPHABET (q.v.) . Some scripts may be described 

nearly alphabetic: they arc partly syllabic and 
partly alphabetic; the early Persian cuneiform 
script, wli hli was the official script of .he ancient 
Pei sian monarchy, and was used from the 6th to 
4th tuples B.C., was nearly alphabetic. 

Sre also Alphabets; Handwroing; WRrriNO Instpu- 
MFNTS, HlEItOOl^PHlCS; CUNEIFORM WRTriNG. 


WRITING INSTRUMENTS, i. me earliest 
writing instruments were finely pointed flints, 
\^h which primitive peoples drew pictures on 
me walls of caves. Specimens about 100,000 
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ROM\N WAX TABLETS, POTSHFRD IJSFD FOR WRITING, AN1> 


Romans. The’^e consisted of small pieces of wood 
coated on one or both sides with wax. The 
writing was scratched by a pointed instrument 
of metal or bone, known as a ‘stilus’. These 
tablets were used for school exercises, legal 
ilocuments, and private notes; their name of 
>dex from the Latin w^ord for ‘tree trunk’ is now 
. ied for any writing in book form as opposed to 
roll form. 

2. Pen. When papyrus became the chief 


years old have been found in the Altainira caves 
in Spain, in which carl)» men have left wall- 
paintings of animals {see Gave Man, Vol. I), 
Mineral pigments were also used — yellow , bluc- 
grqiy* and black —mixed with animal fat. In 
early’ civilizations numbers of different writing 
njaterials were u^ed, such as sheets o^mctal, bark 
of trees, and the leaves of plants an^ trees: palm 
leaves, for example, were used in Ir.uia: and the 
Latin word for a book, libery originally meant 
the b^k of 4 tJTce. About 3500 b.g. the Baby- 
JlHuOiiis and Assyrians began to scratch (and 
later to staiyp) their writings oif moist tablets 
of clay, v^hich were then dried in the sun or 
baked in ovens '^see Cuneiform Writing) . Tablets 
of Wkx widefy used by the Greeks and 


writing material of the ancient w^orld {see Paper, 
Section 2), the loiters were traced w ith a kind of 
pen made from the hollow stem of a reed, known 
'IS a calamus. The Egyptians used it with a 
soft point, rather like a paint brush; and the 
Greeks and Romans sharpened it to a sharp 
point and slit it like a quill pen. The word ‘pen’ 
is d' • ived from the Latin penna, ‘a feather’, and 
was originally applied to the quill pen. This is 
first mentioned in the 7th century, though it was 
‘probably used much earlier. Goo^ feathers were 
generally used, the quill being cut with a knife 
(the pen-knife) and the nib split to make it hold 
Ink (q.v.), and thfis shaped to a point. • Bronze 
pens dating from old Roman times, however, 
have also been found — one example was found 
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, in the, ruins of Pompeii, the city 
buried ‘'under volcanic dust loi 
many centuries. Quill pens re- 
mained the standard pen until 
'^thc beginningof the 19th centijry, 
when steel nibs began to be made 
in Birmingham. The first nibs cost 
55. each and were veVy hard and% 
stiff, but gradually the present nib* 
with holes and sljjs in it , was 
developed. In I9r, 6 stainless steel 
was used fo“ pcn-nib«. 

Fountafifi pens were first made 
about 1886. Modern pens work 
by means of a su 'tion lever, which 
draws the ink into a barrel, from 
FouNiKiNPEN it flows towards the nib. 

(short-banelled Although a fountain-pen works 
on a simple principle, its manufac- 
ture can be elaborate; 200 separ- 
ate operations go to the making 
ot some pens. The nib is generally 
made of gold, and is sometimes 
tipped with a hard and expensive 
metal called iridium. A later 
invention was the ball-point pen. 
This holds enough special ink to 
last for some time; it writes like a 
pencil,' and the ink dries immediately. The pen 
consists of an inner plastic tube containing the 
ink, whicli is forced in under pressure, and the 
little cylindei holding the ball. The’ ball, a 
standard i -millimetre diameter ball-bearing, is 
forced into the metal end of the tube, which is 
slightly turned in to prevent the ball coming out. 

3. Pencil. The word ‘pencil’ comes from the 
\.2Xm penicillum, meaning ‘a little tail’; this name 
was applied by the Romans to fine brushes used 
for drawing and painting. In about 1600 the 
discovery of a graphite mine in Borrowdalc, in 
Clumberland, led to the use of wooden pencils 
filled with graphite, or blacklead, a mineral 
which consists laigeiy of carbon. 

To-day pencil leads arc made* of powdered 
graphite and clay moistened into paste, then 
forced out of holes in a cylinder. They are then 
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baked hard. For the cases narrow grooves are 
cjjt in tfii** boardsr'^^ wood* the/eads are laid hi 
them, and other grooved l*Aarc!» arc glued ovvj 
them. A cutting machemc divides the boards 
into individual pencils, rc 5 Ay fc^ smdothing and 
finishing. Juniper wood is used for the bet^ei 
pencils, and pine wood for the eheaper ones. 

The hardness or softness of the lead defends 
on the pje^iortion of graph/te to clay arid 
the ^temperature to which k has been hearted . 
Indelible and coloured pencils are maci^ in the 
same way as ordinary lead pc^.icils, but other 
substances are added to tht ' omposition, such 
as gum, tallow, wax, and var jus dyes. 

4. India-rubber. Beforf india-rubber was 
discovered ink was erased by scratching with a 
knife; pencil-marks w^erc removed with sol! 
breadcrumbs. India-rubber was first discovered 
in South America by Columbus, but was not 
introduced into England until the iBth century. 
Now it is chiefly grown in tlie East Indies. 

5. Blotting-paper. We know that this vas 
used in the if)th century, but it was a raiity for 
a long time after that. I'he usual way ol dryinr 
what had been written was to sprinkle it witl 
fine sand. 

Sec also llANDvvRniNf.; Wriiini.*, IIistor'^ ur , Papi r 
Ink. 
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ZEPPELIN, see Airship. 




